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CROSS 


scientific  and  medical  devices  capable  of  causing 
interference,  but  the  clamor  daily  grows  fainter.  A 
recent  voluntary  action  by  a  manufacturer  of  germi¬ 
cidal  lamps,  taken  at  the  instance  of  the  FCC,  pro¬ 
duced  an  almost  unbelievable  improvement.  The 
lamp  as  originally  used  caused  severe  interference 
with  police  services  at  distances  as  great  as  three 
miles.  When  the  design  was  cleaned  up,  it  failed  to 
interfere  with  that  most  vulnerable  of  all  radio 
devices,  a  television  receiver,  when  operated  at  a 
distance  of  one  foot.  Everybody  is  very  happy  about 
that  case,  the  FCC,  the  police  and  the  manufacturer. 

But  progress  in  the  field  of  ignition  interference 
is  very  spotty.  Nowadays,  when  the  price  of  nearly 
every  car  sold  includes  several  hundred  dollars  for 
accessories,  it  would  appear  feasible  to  include 
ignition  interference  suppression  facilities  without 
incurring  customer  resistance.  But,  unfortunately, 
those  devices  which  do  the  job  well  sometimes  have 
a  perceptible  influence  on  the  performance  of  the 
engine.  So  competitive  is  the  automotive  field  that 
no  manufacturer  known  to  us  is  willing  to  install 
a  suppression  system  as  standard  initial  equipment. 
That  makes  it  optional  with  the  customer.  And  that 
makes  for  a  great  deal  of  uncontrolled  interference. 
Perhaps,  when  a  majority  of  car  owners  own  tele¬ 
vision  sets,  and  the  serious  nature  of  ignition  inter¬ 
ference  is  sufficiently  publicized,  any  slight  degrada¬ 
tion  of  engine  performance  will  be  accepted  as  well 
worth  its  cost.  We  hope  it  comes  a  lot  sooner  than 
that.  We  predict  everybody  will  be  happy  on  that 
occasion,  too. 


►  JTAC  .  .  .  The  IRE  and  RMA  have  announced  the 
formation  of  the  Joint  Technical  Advisory  Commit¬ 
tee,  a  group  of  eight  impartial  engineers  whose  duty 
shall  be  to  advise  government  agencies  and  indus¬ 
trial  groups  on  the  wise  use  and  regulation  of  radio 
facilities.  The  JTAC  will  call  on  existing  IRE  and 
RMA  committees,  as  well  as  other  qualified  groups, 
for  detailed  study  and  analysis  of  the  problems  pre¬ 
sented  to  it.  Having  thus  come  by  the  information 
from  specialists  best  fitted  to  supply  it,  the  JTAC 
will  review  the  data,  resolve  conflicts  of  fact  or 
opinion,  and  exclude  commercial  bias  before  passing 
its  findings  to  the  agency  seeking  its  help.  Its  first 
task  is  to  assemble,  at  the  request  of  the  FCC,  infor¬ 
mation  on  the  future  utilization  of  the  television 
frequencies  between  475  and  890  me,  in  preparation 
for  the  September  20th  FCC  hearing  on  this  subject. 
Details  of  its  plan  of  operation  will  be  published  in 
these  pages  next  month. 

The  new  agency  was  initiated  by  President  Shack- 
*  elford  of  the  IRE  and  W.  R.  G.  Baker,  Director  of 
the  RMA  Engineering  Department.  It  differs  from 
similar  organizations  of  the  past,  such  as  the 
National  Television  System  Committee  and  the  Radio 
Technical  Planning  Board,  in  that  it  will  not  argue 
for  particular  services,  but  will  present  and  inter¬ 
pret  the  facts  for  the  benefit  of  the  profession  and 
the  public,  as  a  whole.  It  is  no  secret  that  many  of 
the  RTPB  panels  were  so  violently  partisan  for  par¬ 
ticular  services  that  they  were,  in  effect,  pressure 
groups.  The  JTAC’s  pressure,  if  any,  will  be  for 
the  incontrovertible  fact  and  the  broadest  available 
interpretation.  JTAC  has  its  sights  set  high.  Its 
responsibility  is  great,  its  opportunity  wide.  It 
depends  on  the  support  of  every  engineer  who  can 
contribute  to  its  findings.  Based  on  such  support, 
JTAC  can  assist  government  and  industry  agencies 
to  avoid  repeating  the  mistakes  of  the  past  in  setting 
allocations  and  standards. 


►  DECISION  .  .  .  Along  with  the  editors  of  the  New 
Yorker,  we  are  impelled  to  object  to  the  recent  Supreme 
Court  decision  which  refused  to  abate  the  sound 
truck  nuisance  on  the  ground  that  such  would  be  an 
abridgement  of  the  right  of  free  speech.  The  right 
to  privacy,  the  right  to  select  what  speech  to  listen  to, 
and  the  right  to  turn  the  damned  thing  off,  are 
►  QRN  .  .  .  We  note  progress  in  the  amelioration  of  equally  basic  rights.  The  tuning  control  and  the  on-off 

man-made  radio  interference  in  some  fields,  stagna-  switch  on  radio  receivers  are  truly  democratic  insti- 

tion  in  others.  There  is  still  some  argument  over  the  tutions.  But  the  self-imposing  sound  truck  leaves  no 

FCC’s  action  in  taking  jurisdiction  over  industrial,  alternative  but  a  quick  sprint  in  the  opposite  direction. 
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Leading  photographers,  both  amateur  and  professional, 
have  given  this  new  American  Bolex  product  astonishing 
acceptance  throughout  the  nation.  This  proves  that  they 
‘‘were  quick  to  understand  the  revolutionary  light-gathering 
Principle  of  the  Director’s  unique  Photosphere;  quick  to 
appreciate  its  beauty  and  compactness  of  design,  its  sim¬ 
plicity  of  operation  and  its  unexcelled  accuracy. 

Marion  alone  was  chosen  to  engineer  and  manufacture 
this  superb  light  measuring  instrument  because  of  Marion’s 
recognized  reputation  for  producing  trouble-free  meters. 

Whether  a  complete  product  or  a  component  part  of 
your  product,  Marion  * ‘Special  Instruments”  offer  in¬ 
creased  sales  appeal.  This  special  Marion  service  can 
give  your  product  real  sales  advantages  over  competition. 
When  you  want  it  engineered  to  the  application  and  manu¬ 
factured  to  quality  specifications  write,  wire  or  telephone. 


THE  NAA1E  "MARION"  MEANS  THE  MOST  IN  METERS 

Write  for  complete  information 
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WHAT’S  WRONG  WITH 

U.  S.  Frequency  Allocations 


Courtnei 


Krieger  and  Jorgensen 
ashington,  D.  C. 


the  use  of  particular  services  on  a 
national  basis,  without  providing 
for  their  use  by  other  services  in 
areas  where  such  frequencies  are 
not  used  or  likely  to  be  used  by  the 
service  to  which  they  were  orig¬ 
inally  assigned. 


INCREASING  USE  of  radio,  for 
broadcast  and  non-broadcast 
purposes,  has  served  to  focus  atten¬ 
tion  on  the  manner  in  which  fre¬ 
quency  allocations  are  made  within 
the  United  States. 

That  this  spirit  of  critical  exam¬ 
ination  represents  a  healthy  devel¬ 
opment  all  agree.  Any  changes  that 
facilitate  more  productive  use  of 
the  increasingly  valuable  natural 
resource  that  is  our  radio  spec¬ 
trum  should  be  welcomed  by  both 
government  and  industry. 


THE  AUTHOR,  a  practicing  attorney, 
was  Assistant  General  Counsel  of  the  FCC 
in  the  period  between  1942  and  1946. 

Prior  to  that  time,  he  was  ossociated 
with  Cadwalader,  Wickersham  &  Taft, 
New  York. 


I  RAC — FCC  Relationship 

tions  pursuant  to  which  the  In-  In  passing  upon  the  question 

terdepartment  Radio  Advisory  whether  a  non-government  appli- 
Committee  is  empowered  to  assign  cant  should  be  licensed  to  use  cer- 
frequencies  to  government  radio  tain  aeronautical  frequencies  then 
stations,  while  the  Federal  Commu-  in  use  by  a  government  station,  the 
nications  Commission  does  likewise  FCC  recently  had  occasion  to  re- 
for  non-government  stations,  both  mark  (FCC  Docket  6988,  p  363)  : 

agencies  enjoying  equal  and  pie-  ,  .  ,  xu  ^ 

.  ^  In  any  event,  however,  the  Com- 

nary  authority  over  the  entire  spec-  mission  has  the  legal  authority  to  as- 
trum.  sign  to  the  applicant  the  use  of  the 

(2)  The  practice  of  IRAC  in  Inflw  tork  for“’4.S;;^a^hit 

making  frequency  assignments  on  will  now  be  outlined. 

the  basis  of  government-agency  “Station  WSY  is  a  government 

,  ,  j.  £  £  j  -i-v  owned  and  operated  station  and  so  not 

statements  of  frequency  need  with-  required  to  be  licensed  by  this  Com- 

out  any  or  sufficient  proof  of  need,  mission,  its  frequencies  being  as- 

and  without  recurring  independent  signed  by  the  President  as  provided 
,  ,  -M-  1**  Section  305(a)  of  the  Communica- 

examination  of  frequency  utiliza-  tions  Act.  As  we  have  previously  seen, 
tion  by  such  agencies.  the  frequencies  of  non-government 

(3)  The  practice  of  FCC  in  mak-  \ 

^  ^  mission  (bee.  303(c)  ).  As  a  matter 

ing  frequency  assignments  on  the  of  legal  theory,  neither  assignment  is 
basis  of  paper' showings  of  pros-  controlling  on  the  other,  although 
j  X  ,•!  j  there  are  manifest  practical  difficul- 

pective  need,  not  speedily  read-  assignment  by 

justed  in  the  light  of  actual  fre-  the  Commission  to  a  non-government 

quency  utilization  as  thereafter  frequency  used  or  in- 

jxi  jx  -  ju  XI-  tended  to  be  used  exclusively  by  gov- 

independently  determined  by  the  ernment  stations,  or  by  the  President 
monitoring  staff.  to  a  government  station  of  a  frequency 

(4)  The  practice  of  the  FCC  in  used  or  intended  to  be  used  exclusively 

.  .  ,  .  by  non-government  stations. 

assigning  blocks  of  frequencies  for  “Mainly  to  coordinate  and  regulatt 


Faulty  Practices 

Chief  among  the  basic  faults  in 
present  frequency-assignment  prac¬ 
tices  are  the  following; 

(1)  The  dual  system  of  alloca- 


TELEVISION  SHADOWS 

RELIEF  MAP  of  Los  Angeles 
and  vicinity,  lighted  by  a  small 
electric  lamp  placed  on  Mt.  Lee 
in  Hollywood. 

Illuminated  areas  show  prob¬ 
able  line-of-sight  coverage  by  a 
television  transmitter  in  a  simple, 
effective  manner. 

Photograph  by  I.  L.  Bateman, 
Los  Angeles  Department  of  Water 
&  Power 
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the  assig^nments  of  fluencies  to  gov* 
ernment  stations  with  those  assign* 
ments  made  to  non-government  sta¬ 
tions,  the  various  federal  agencies  in 
1922  voluntarily  established  the  Inter¬ 
department  Radio  Advisory  Commit¬ 
tee  which  the  President  has  used  as 
an  advisory  body  to  recommend  to  him 
what  frequency  assignments  should 
be  made  to  government  stations.  Pro- 
cedurally,  IRAC  has  been  authorized 
to  make  interim  assignments  which 
are  periodically  confirmed  by  Execu¬ 
tive  Order  of  the  President,  each  order 
again  conferring  authority  upon 
IRAC  to  make  further  interim  assign¬ 
ments. 

“By  mutual  agreement  between 
IRAC  and  the  Commission,  certain 
portions  of  the  radio  spectrum  area 
are,  from  time  to  time,  marked  for 
government  assignments  exclusively, 
others  for  non-government  assign¬ 
ments  exclusively,  and  still  others  for 
the  shared  use  of  both  government  and 
non-govemment  stations.” 

Merely  to  state  the  FCC-IRAC 
relationship  is  to  prove  its  faults. 
Each  agency,  legally,  can  assign  the 
entire  spectrum.  With  that  bludg¬ 
eon  in  the  hand  of  each,  it  is  not 
difficult  to  understand  how  they 
have  both  agreed  that  the  radio 
spectrum  should  be  divided  equally 
between  the  government  and  indus¬ 
try,  as  it  approximately  now  is.  If 
each  has  the  power  to  devour  the 
whole  apple,  as  reasonable  men  they 
will  agree  to  split  it  down  the  mid¬ 
dle. 

But  should  the  radio-spectrum 
apple  be  split  down  the  middle, 
half  to  government  and  half  to  in¬ 
dustry?  There  is  considerable  evi¬ 
dence  that  it  should  not,  but  the 
question  can  never  be  conclusively 
answered  until  one  agency  is  given 
authority  over  the  entire  spectrum. 
Then  government  frequency  needs 
can  be  weighed  against  industry 
needs  on  merit  and  by  application 
of  the  same  standards.  Only  thus 
can  there  be  any  assurance  that  the 
FBI,  for  example,  does  not  get  from 
IRAC  more  channels  than  it  needs 
at  the  same  time  the  State  Police 
(which  are  treated  as  non-govern¬ 
ment  users)  get  from  FCC  less 
channels  than  they  need  very 
badly  indeed. 

Government  Needs 

Requests  for  frequency  assign¬ 
ments  presented  to  IRAC  by  gov¬ 
ernment  users  are  not  subject  to 


the  same  examination  of  need  that 
is  ihade  with  respect  to  industry 
requests  presented  to  FCC. 

D.  E.  Noble  of  Motorola,  and 
Chairman  of  Panel  13  of  the  Radio 
Technical  Planning  Board,  testi¬ 
fied  on  April  1,  1948  before  the 
House  Interstate  and  Foreign  Com¬ 
merce  Committee  regarding  House 
Joint  Resolution  No.  78: 

“An  applicant  before  the  Federal 
Communications  Commission  must 
face  a  weighing  of  the  values  and  an 
examination  of  the  factors  of  public 
interest,  convenience,  and  necessity 
liefore  channels  are  granted. 

“According  to  a  statement  by  an 
IRAC  spokesman  at  an  FCC  engineer¬ 
ing  conference,  when  a  governmental 
department  requests  channels  it  is  pre¬ 
sumed  that  the  cnannels  are  needed 
and  there  is  no  process  of  sitting  in 
judgment  upon  the  request,  or  of 
weighing  the  request  in  relation  to 
other  important  needs  of  the  non-gov- 
emment^  services  operating  under 
the  control  of  the  Federal  Communi¬ 
cations  Commission. 

“If  IRAC  had  not  been  so  profligate 
in  its  demand  for  channels,  the  Fed¬ 
eral  Communications  Commission 
would  have  had  an  easier  task  in  allo¬ 
cating  the  channels  for  commercial 
and  city  and  state  use.  In  the  desirr 
able  mobile-frequency  band  between 
30  and  220  me,  the  federal  government 
assignments  exceed  the  non-federal 
mobile  assignments  by  a  factor  of  two 
to  one.” 

Why  government  frequency  re¬ 
quests  are  not  subjected  to  critical 
IRAC  examination  of  need  is  indi¬ 
cated  by  a  provision  in  IRAC  by¬ 
laws  that  the  Committee  shall 
endeavor  to  reach  unanimous  agree¬ 
ment  on  all  questions  discussed. 
Further  pressure  in  that  direction 
is  inevitably  generated  by  the  fact 
that  IRAC  is  made  up  entirely  of 
frequency  users  (Agriculture,  (Com¬ 
merce,  Navy,  State,  Treasury,  War, 
Interior,  Justice,  FCC,  and  U.  S. 
Maritime  Commission).  Thus,  if 
one  IRAC  member  should  vote 
against  or  attempt  to  examine  into 
another  member’s  need  for  re¬ 
quested  frequencies  the  action 
would  be  undertaken  only  with  the 
greatest  circumspectness  and  deli¬ 
cacy,  in  the  certain  knowledge  that 
the  member  so  aggrieved  would  be¬ 
fore  long  be  in  a  position  to  pass 
upon  the  objecting  member’s  own 
frequency  requests.  This  is  stat¬ 
ing  the  case  mildly. 


Whether  or  not  IRAC  accords  a 
critical  examination  of  frequency 
need  to  the  requests  of  its  members, 
it  is  certain  that  assignments  are 
not  based  on  the  same  criteria  of 
need  as  are  FCC  assignments,  made 
only  after  periodic  overall  spectrum 
review  of  each  industry’s  needs 
against  those  of  every  existing  and 
meritorious  new  radio  service.  The 
short  supply  of  frequencies  now 
available  for  industry  purpose*- 
makes  it  imperative  that  govern¬ 
ment  assignments  be  based  on  equal 
needs,  with  all  assignments  subject 
to  periodic  independent  examina¬ 
tion  to  determine  the  extent  of  fre¬ 
quency  utilization  actually  ob¬ 
taining. 

Allocation  Post-Audit 

Although  superior  to  those  of 
IRAC,  FCC  allocation  procedures 
are  themselves  subject  to  improve¬ 
ment  in  at  least  two  important  re¬ 
spects. 

While  FCC  does  periodically 
undertake  to  revise  spectrum  allo¬ 
cations  in  the  light  of  the  needs  of 
existing  and  new  radio  services, 
such  allocation  proceedings  are  few 
and  far  between.  In  the  interim, 
frequency  assignments  and  uses 
frequently  get  out  of  balance.  In 
the  long  periods  intermediate  be¬ 
tween  general  allocation  proceed¬ 
ings  insufficient  effort  has  in  the 
past  been  made  by  FCC  to  deter¬ 
mine  the  extent  to  which  the  fre¬ 
quencies  allocated  to  particular 
services  are  actually  used  by  those 
services. 

So  far  as  is  known,  the  monitor¬ 
ing  offices  of  FCC  have  not  often 
been  used  for  the  purpose  of  deter¬ 
mining  service  frequency  utiliza¬ 
tion.  Certainly  there  has  been  no 
announcement  regarding  such  stud¬ 
ies.  Indeed,  it  was  not  until  last 
year  (after  the  American  Tele¬ 
phone  &  Telegraph  Company  had 
introduced,  in  a  proceeding  before 
FCC,  charts  of  frequency  utiliza¬ 
tion  studies  made  in  three  major 
cities  showing  striking  discrepan¬ 
cies  in  channel  utilization  by  the 
various  occupants  of  the  152  to 
162-mc  non-govemment  and  162  to 
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174-mc  government  bands)  that 
there  was  created  a  Frequency 
Utilization  Section  in  the  FCC’s 
Washington  offices’  Engiiieering 
Department. 

The  importance  of  an  independ¬ 
ent  determination  of  frequency 
utilization  is  apparent.  For  in  gen¬ 
eral  allocation  proceedings  one  in¬ 
dustry  and  service  is  striving 
against  another,  not  only  for  pres¬ 
ently  needed  spectrum  space  but  for 
space  for  future  expansion  as  well. 
Frequency  allocations  have  been 
made  by  FCC  on  the  basis  of  paper 
showings,  chart  projections  of  pres¬ 
ent  use,  and  estimates  of  future 
needs  which  may  or  may  not  come 
into  being.  This  has  resulted  from 
time  to  time  in  inequities  in  fre¬ 
quency  assignments,  as  revealed  by 
the  acid  test  of  frequency  utiliza¬ 
tion. 

For  example,  in  October  1947, 
two-and-a-half  years  after  the 
FCC’s  1944-45  general  allocation 
proceeding  had  been  completed  in¬ 
sofar  as  frequencies  above  25  mega¬ 
cycles  were  concerned,  the  rail¬ 
roads  had  60  frequencies  allocated 
for  their  purposes  in  the  152  to 
162-mc  band,  and  were  using  the 
same  frequency  for  land  and  mo¬ 
bile  station  use.  The  taxicab  indus¬ 
try  had  2  frequencies  in  that  band, 
using  one  frequency  for  land  sta¬ 
tions  and  the  other  for  mobile  sta¬ 
tions,  the  two  frequencies  thus  con¬ 
stituting  a  single  communications 
channel.  Neither  industry  had  any 
frequencies  outside  the  152  to  162- 
mc  band.  On  the  railroads’  plethora 
of  30  channels  there  were  100  land 
stations  and  900  mobile  units  op¬ 
erating;  on  the  taxicabs’  single 
communications  channel,  there 
were  almost  1,000  authorized  land 
stations  in  operation,  employing 
thousands  and  thousands  of  mobile 
units.  In  fact  the  vice-president  of 
one  of  the  leading  manufacturers  in 
the  non-broadcast  radio  field  testi¬ 
fied  before  FCC  (Docket  8658,  p 
686) : 

“One  pair  of  channels  assigned  to 
the  taxicab  industry  alone  accounted 
for  approximately  half  of  the  total 
2-way  radiotelephone  communications 


equipment  business  during  the  past 
year.”  ' 

If  such  inequities  in  frequency 
assignments  are  to  be  promptly  cor¬ 
rected  the  FCC  must  be  prepared 
periodically  to  post-audit  the  pa¬ 
per  showings  of  frequency  need  put 
forward  by  the  various  radio  serv¬ 
ices  in  the  light  of  actual  frequency 
utilization,  without  waiting  for  the 
next  distant  and  time-consuming 
general  allocation  hearing. 

Flexibility  Needed 

Not  only  should  frequency  as¬ 
signments  be  periodically  read¬ 
justed  to  comport  with  frequency 
utilization,  but  all  assignments 
should  be  sufficiently  fiexible  to  per¬ 
mit  use  by  another  service  when  not 
used  or  likely  to  be  used  by  the 
service  for  which  originally  as¬ 
signed. 

The  present  FCC  practice  is  to 
assign  frequencies  to  services  on  a 
national  basis.  In  the  railroad-radio 
service,  for  example,  60  frequencies 
have  been  allocated  for  that  indus¬ 
try’s  use  throughout  the  country. 
These  frequencies  were  deemed 
necessary  to  provide  for  railroad 
communication  needs  in  the  con¬ 
gested  Chicago  terminal,  into  which 
33  different  railroads  operate.  In 
many  areas  outside  the  congested 
terminals  of  Chicago,  St.  Louis, 
and  New  York,  however,  the  rail¬ 
roads  cannot  use  or  justify  the  use 
of  60  frequencies.  If  frequencies 
had  been  assigned  on  a  basis  that 
would  permit  use  by  other  services 
in  those  areas  where  the  railroads 
cannot  conceivably  use  60  frequen¬ 
cies  it  would  not  have  been  neces¬ 
sary  for  the  taxicab  industry,  for 
example,  to  long  thirst  for  addi¬ 
tional  frequencies  in  California, 
Texas,  Massachusetts,  Florida  and 
many  other  states  into  which  only 
a  few  railroads  operate. 

FCC  is,  by  statute,  required  to 
assign  radio  frequencies  in  the 
public  interest,  convenience  and 
necessity  (Communications  Act, 
Sec.  309  (a)  ).  Like  so  many  other 
agencies  administering  similar 
statutes,  however,  the  interest,  con¬ 
venience  and  necessity  considered 


is  not  always  that  of  the  public  but 
is  often  that  of  the  agency  or  its 
personnel.  This  is  usually  not  so 
much  the  fault  of  the  agency  as  the 
result  of  limited  funds  made  avail¬ 
able  for  the  agency’s  activities.  It 
would  not  be  convenient  for  the 
FCC  or  its  staff  to  determine  how 
many  of  the  60  railroad  frequencies 
can  be  properly  used  for  taxicab 
dispatching  in  the  states  of  Cali¬ 
fornia,  Texas,  Massachusetts  and 
Florida  without  conflicting  in  any 
way  with  railroad-radio  communi¬ 
cation  needs. 

The  raison  d’etre  of  the  admin¬ 
istrative  agency  is  its  capacity  for 
dealing  with  complex  technical 
problems.  No  needed  frequency 
should  be  permitted  to  go  to  waste 
anywhere  if  the  objection  to  its  use 
is  merely  the  imposition  of  a  work¬ 
load  of  minor,  or  even  major,  pro¬ 
portions  on  the  FCC’s  technical 
staff.  Frequencies  are  too  valuable, 
too  much  in  demand,  to  die  by  ap¬ 
plication  of  the  rule  of  administra¬ 
tive  convenience  or  the  interposi¬ 
tion  of  obstacles  in  the  path  of  the 
prospective  user  by  way  of  com¬ 
plicated  showings  or  expensive  and 
time-consuming  hearings. 

The  Future 

In  the  nature  of  things  there  will 
be  considerable  delay  in  placing  the 
radio  spectrum  under  the  jurisdic¬ 
tion  of  one  agency,  and  probably 
also  in  IRAC’s  revision  of  its  stand¬ 
ards  of  frequency  need.  For  that 
very  reason,  however,  it  becomes 
increasingly  important  for  FCC 
to  see  that  frequency  assignments 
and  use  are  in  balance  and  that  a 
high  degree  of  flexibility  in  fre¬ 
quency  assignments  obtains  al¬ 
ways,  to  the  end  that  a  single  fre¬ 
quency  shall  not  lie  fallow  in  a 
single  community  where  needed. 

That  such  is  not  the  case  today 
only  underlines  the  need  for  im¬ 
mediacy  of  action  by  the  Federal 
Communications  Commission  in 
post-auditing  frequency  assign¬ 
ments  against  utilization  and  in 
correcting  any  inflexible  frequency 
service  assignment  practices  which 
are  wasteful  of  frequencies. 
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Transmitting  and  rscsiTing  ground-plans  ontsnnas  and  oi  Mobils  2  unit.  Dashboard  Photogrophsd  from  ths  ontonna  sits  atop 
mounting  oi  hondsst  ond  ssnd-rscslvs  switch  proridss  conrsnisncs  ths  McGraw-Hill  Building,  this  Tisw  shows 


CITIZENS  BAND 

Complying  with  FCC  class  B  specifications,  iff  transponders  are  modified  to  provide  useful 
two-way  communication  from  car  to  car  for  moderate  distances  and  over  a  greater  range  to 

a  fixed  station  having  greater  antenna  height 

By  WILLIAM  B.  LURIE 

WlOXEM-WtXRW 
Bronxville,  New  York 


The  equipment  to  be  described  point  to  point.  Advantage  was  met,  no  great  effort  was  made  to 

was  developed  as  type  B  equip-  tkken  of  readily  convertible  surplus  establish  the  inherent  drift  or  in- 

ment  for  the  Citizens’  Radio  Serv-  .  electronic  equipment,  namely  the  stability,  but  the  transmitters  have 

ice  and  has  been  used  by  the  author  iff  transponder  BC-645,’  still  avail-  been  used  repeatedly,  often  after 

and  his  associates  in  successful  able  at  about  $10.  A  complete  periods  of  weeks  during  which  the 

field  trials.  transmitter  and  receiver  can  be  whole  unit  rode,  not  shock-mounted. 

Because  of  the  nature  of  facili-  assembled  for  less  than  $25.  in  the  trunk  of  the  author’s  car, 

ties  available,  and  because  this  Class  B  FCC  tolerances  are  over  60  miles  per  day  at  speeds  up 

project  was  undertaken  on  a  spare-  :i0.4  percent,  or  ±1.86  me  at  to  55  miles  per  hour,  at  ambient 

time  basis,  it  was  decided  to  de-  465.0-mc  center  frequency,  and  it  temperatures  ranging  from  — 10  F 

velop  three  units,  two  of  which  has  been  found  that  the  transmitter 

would  be  mounted  in  passenger  stability  is  well  within  these  limits.  The  equipment  and  tests  described  here 

cars,  while  one  would  be  a-c  oper-  Once  it  had  been  determined  that  pe®i!^dent  coStant  in  cooperation  wUiTthe 

ated,  though  easily  movable  from  the  license  requirements  would  be  0cSd°in*'^Novil£®i?4*‘!‘paKri^^^  ***'’ 
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Complete  two-way  equipment  oi  Mobile  2  set  up  for  12-Tolt  operation  in  trunk.  Left  to 
right,  the  tronsceiTer.  dynomotor.  extra  battery  and  switch 


the  buildings  adjoining  Ninth  Axenue,  left, 
and  Eighth  Avenue,  right 


TRANSCEIVERS 


ELECTRONICS  CITIZENS  RADIO  PROJECT 


PART  I 

Transmitter  for  the  Citizens  Radio  Service,  November  1947. 
PART  II 

Receiver  for  the  Citizens  Radio  Service,  March  1948. 

PART  III 

Antennas  for  Citizens  Radio,  May  1948. 

PART  IV 

Citizens  Radio  Transceivers,  August  1948. 

PART  V 

Power  Amplifier  for  the  Citizens  Transmitter,  coming. 


audio  amplifier  that  provides  con-  of  adjusting  the  input  power  to  the 
stant-current,  class  A  Heising  mod-  rated  value  is  to  adjust  the  oscil- 
ulation.  A  sufficiently  high  modu-  lator  grid-leak  resistor,  thereby 
lation  level  is  achieved,  although  varying  the  plate  current  at  fixed 
100-percent  modulation  is  not  ob-  plate  voltage. 

tained.  The  oscillator  plate  line  is  The  oscillator  filament  circuit 
fed  through"  an  r-f  choke,  thereby  can  not  conveniently  be  tuned;  one 
allowing  the  voltage  node  on  the  side  has  considerable  inductance 
oscillator  plate  line  to  form  where  within  the  tube,  while  the  other 
it  sees  fit.  As  shown  in  Fig.  2,  the  has  a  small  inductance  provided  in 
oscillator  grid  line  is  returned  to  the  external  lead  to  the  tube  before 
ground  through  a  resistor,  tapped  both  leads  and  by-passed  to  ground, 
on  the  line  at  what  was  presumed  Frequency  adjustment  is  made  by 
to  be  a  voltage  node.  One  method  moving  a  dielectric  slug  between 


to  -1-80  F.  Frequency  shifts  of  0.5 
me  (about  0.1  percent)  were  seldom 
observed. 

As  shown  in  the  block  diagram 
of  Fig.  1,  the  transmitter  consists 
of  a  316A  oscillator  in  a  Lecher¬ 
line  type  of  oscillator  circuit,  with 
a  6V6  modulator  and  7F7  pream¬ 
plifier.  No  effort  was^  made  to  se¬ 
lect  tube  types  or  components  care¬ 
fully;  the  transmitter  has  been 
largely  designed  around  the  numer¬ 
ous  components  used  in  the  BC-645. 

■  The  modulator  is  a  conventional 
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mixer  was  left  as  originally 
designed. 

As  shown  on  the  schematic  dia¬ 
gram,  Fig.  3,  the  signal  from  the 
antenna  is  tapi)ed  down  on  a  short 
section  of  loaded  transmission  line 
L,;  capacitor  Ci  across  the  open 
end  is  varied  to  resonate  the  line. 
The  signal  to  the  mixer  is  removed 
from  the  line  at  a  corresponding 
point  on  the  conductor  opposite  the 
point  where  the  antenna  is  brought 
in.  Again,  coupling  was  varied  in 
amount,  by  moving  the  taps,  and 
inductive  coupling  to  the  line  was 
attempted,  all  with  no  substantial 
gain.  The  original  front  end, 
therefore,  was  restored. 

Power  Supply 

For  the  a-c  portable  unit,  fila¬ 
ment  transformers  were  provided. 
Since  the  BC-645  was  originally 
intended  for  12-  or  24-volt  opera¬ 
tion,  the  12-volt  connection  was 
chosen  and  two  6-volt  windings 
connected  in  series.  For  the  316A, 
requiring  2.0  volts  at  3.65  amperes, 
a  filament  transformer  in  the  BC- 
645  was  intended  for  9-volt,  80- 
cycle  input,  2-volt  output,  center- 
tapped  to  ground.  This  9  volts  was 
provided  at  60  cycles  from  ground 
to  the  center  tap  of  the  second  6- 
volt  transformer.  The  B-supply  is 
conventional  and  a  portion  of  the 
B-voltage,  obtained  from  a  bleeder, 
is  used  for  energizing  the  sealed-in, 
sensitive  send-receive  relay,  furn¬ 
ished  in  the  basic  BC-645,  and 
which  switches  the  main  B-supply 
from  receiver  to  transmitter  when 
keyed. 

For  the  mobile  units,  dynamotors 
PE-IOIC  (used  with  the  BC-645  on 
aircraft)  were  obtained.  This 
dynamotor  requires  either  12  or 
24-volt  input,  with  400-volt  output 
at  0.135  ampere,  9  volts  at  1.1 
ampere  at  80  cycles,  and  400  volts 
at  0.02  ampere.  The  latter  wind¬ 
ing  was  not  used,  the  9-volt  wind¬ 
ing  supplies  the  316A  filament 
transformer,  the  135-milliampere 
winding  used  for  plate  voltage,  and 
the  12-volt  input  furnished  from  a 
second  6-volt  storage  battery  in 
series  with  the  car  battery.  A 
switch  places  the  two  batteries  in 
series  when  running  the  radio 
equipment,  or  in  parallel  for  charg¬ 
ing  both  batteries  from  the  car 
generator  when  hot  on  the  air.  The 
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transmitter-receiver,  dynamotor, 
extra  battery,  and  switch  are  all 
mounted  on  a  board  which  slides 
onto  the  upper  deck  of  the  trunk 
compartment  of  a  1940  Buick  con¬ 
vertible  coupe, — Mobile  2  station. 

Because  of  excessive  dynamotor 
noisd,  Mobile  1  unit  was  rewired 
for  6-volt  operation  of  the  tube 
heaters,  including  a  dropping  re¬ 
sistor  for  the  316A  filament,  a  PE- 
103  6-  or  12-volt  dynamotor  was 
used  on  6  volts,  and  the  second  bat¬ 
tery  was  eliminated.  This  equip¬ 
ment  is  installed  in  a  1946  Dodge 
sedan, — Mobile  1  station.  The  bat¬ 
teries  are  also  used,  with  a  drop¬ 
ping  resistor,  for  excitation  of 
carbon  microphones  on  the  mobile 
units. 


door,  as  shown,  with  clearance 
holes  for  the  cables  provided 
through  the  trunk  door.  The  an¬ 
tenna  height  is  about  four  feet. 

The  antennas  for  the  portable 
transmitter  and  receiver  are  two 
5-element  Yagi  arrays,  each  con¬ 
sisting  of  a  folded  dipole,  one 
refiector,  and  three  directors,  all 
made  of  i-inch  silver-plated  brass 
rod.  The  overall  resistance  is  as¬ 
sumed  to  be  a  fair  match  to  the 
52-(Am  RG-8/U  cable  feeding  each 
array,  and  quite  sharp  patterns 
have  been  observed. 

Vertical  polarization  is  used 
throughout,  although  horizontal 
polarization  with  a  phased  turn¬ 
stile  array  was  used  for  some  time 
on  one  of  the  mobile  units.  With 
an  eye  toward  consistency  with  the 
practices  of  W2XSN,  McGraw- 
Duplicate  antennas  are  used  for  Hill’s  station  in  New  York,  vertical 
receiving  and  transmitting.  RG-  polarization  was  decided  upon. 

8/U  cable  with  type-N  fittings 
(UG-21/U)  was  used  for  Portable 
1  and  Mobile  2  units,  while  RG-29 
/U  cable  with  type-N  fittings 
(UG-15/U)  was  used  on  Mobile  1, 
to  facilitate  passage  between  the 
trunk  door  and  the  car  body,  lead¬ 
ing  to  the  antennas.  The  antennas 
on  Mobile  1  are  surplus  AN/APQ- 
2A  antennas,  quarterwave  vertical 
rods  mounted  atop  a  ground  plane, 
the  whole  unit  being  attached  to 
the  car  roof  with  suction  cups,  at 
a  height  of  six  feet. 

The  antennas  on  Mobile  2  are 
identical  with  those  on  Mobile  1, 
except  that  the  ground  plane  is 
mounted  on  the  trunk  compartment 


until  the  transmitter  frequency  is 
the  required  value. 

Modulation  percentage  is  in¬ 
creased  until  noticeable  distortion 
of  voice  transmission  is  heard  on 
a  nearby  receiver.  A  modulation 
control  is  provided  for  this  pur¬ 
pose,  and  is  also  convenient  for  re¬ 
moving  all  modulation  from  the 
carrier  when  frequency  checks  and 
adjustments  are  made. 

The  receiver  antenna  coupling 
line  is  tuned  to  465  me,  the  only 
circuit  in  the  receiver  tuned  to  this 
frequency.  The  local  oscillator 
operates  at  425  me  providing  a  40- 
megacycle  !-f  signal  at  the  mixer 
tube  plate.  Three  identical  7H7  i-f 
amplifier  stages  follow,  with  cath¬ 
odes  grounded  and  grids  returned 
to  ground  through  the  avc  line  to 
furnish  the  only  bias  on  these 
tubes.  With  no  applied  signal,  tube 
and  circuit  noise  develop  about  one 
volt  of  bias. 

Demodulation  is  done  by  a  1N34 
germanium  diode.  The  audio  sig- 
The  transmitter  frequency  was  nal  is  amplified  in  one-half  of  a 
adjusted  by  monitoring  the  unmod-  7F7  twin  triode,  and  then  in  a 
ulated  radiated  power  near  the  6V6  output  tube  which  drives  a 
antenna  with  a  precision  wave-  loudspeaker  or  telephone  handset 
meter  such  as  a  Lavoie  microwave  receiver. 

frequency  meter.  The  method  of  Alignment  is  accomplished  with 
adjustment  chosen  consisted  of  the  top  cover  off,  bottom  plate  on, 
jamming  down  the  limit  stops  on  by  introducing  a  40-mc  unmodu- 
the  relay  which  controls  the  posi-  lated  signal  at  the  mixer  tube  grid, 
tion  of  the  dielectric  slug  in  the  and  observing,  with  a  vacuum-tube 
transmitter  oscillator  tuned  line  voltmeter,  the  avc  voltage  devel- 
until  the  relay  arm  is  tightly  held  oped  across  the  diode  detector  load 
in  both  direc.ions.  Final  adjust-  resistor.  All  i-f  transformers  are 
ment  consists  of  adjusting  the  peaked  for  maximum  gain, 
position  of  the  relay  arm  and  slug  An  alternative  is  to  apply  a 
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FIG.  3 — Receirer  portion  oi  the  BC-645  alter  modiiication  lor  use  in  the  citizens  band 
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40-ihc  frequency-modulated  signal, 
preferably  over  one  megacycle 
wide,  and  to  observe  with  an  oscil¬ 
loscope  the  voltage  across  the  load 
resistor.  The  i-f  transformers  are 
peaked  for  maximum  stable  gain 
and  minimum  bandwidth.  By  this 
method  the  i-f  B-supply  voltage 
may  be  increased  until  the  receiver 
is  just  below  the  oscillation  point. 

Bakelite  shafts  and  knobs  were 
added  to  the  two  receiver  front-end 
adjustment  points  to  facilitate 
alignment  in  the  field.  ‘Adjustment 
is  done  with  top  and  bottom  covers 
in  place,  by  observing  the  avc  volt¬ 
age  with  the  receiver  at  any  con¬ 
venient  distance  from  a  stable  sig¬ 
nal  source.  The  local  oscillator  is 
set  at  approximately  425  me  using 
an  absorption  wavemeter  such  as 
the  General  Radio  butterfly  type 
1140-A.  Next,  the  antenna  coup¬ 
ling  line  is  tuned  for  maximum 
avc  voltage.  The  local  oscillator 
is  adjusted  for  maximum  signal, 
after  which  the  antenna  line  is  re¬ 
adjusted,  then  the  local  oscillator 
again,  until  the  maximum  stable 
signal  is  obtained.  This  completes 
the  receiver  alignment. 

Total  d-c  filament  drain  for  the 
transmitter  and  receiver  is  6.3 
volts  at  6.4  amperes.  On  a-c,  the 
drain  is  12.6  volts  at  1.5  ampere 
and  9.1  volts  at  1.1  ampere.  The  B- 
supply  provides  400  volts,  60  milli- 
amperes  receiving,  and  65  milliam- 
peres  when  transmitting. 


Portable  a-c  operated  unit  used  on  the  tool  oi  the  McGraw-Hill  building  in  New  York 

for  the  field  tests 


dental  reception  were  increased  to 
about  2,000  and  5,000  feet,  respect¬ 
ively,  illustrating  the  effect  of  ex¬ 
clusion  of  the  noise  contribution 
from  the  portion  of  the  received 
bandwidth  not  containing  the  de¬ 
sired  signal.  Since  no  further  im¬ 
provement  in  receiver  performance 
was  considered  readily  achievable, 
it  was  decided  to  make  no  further 
changes  until  a  comparison  was  ob¬ 
tained  with  performance  with  one 
unit  elevated  above  ground. 


six  feet  above  the  road  on  Mobile 
1,  and  four  feet  on  Mobile  2. 

First  tests  at  Bronxville,  N.  Y. 
were  made  ’  with  -  the  two  mobile 
units  separated  by  about  500  feet 
and  each  receiver  aligned  to  each 
transmitter  carrier.  Separation  of 
the  two  cars,  maintaining  line-of- 
sight,  reduced  the  signal  level  until 
communication  became  noticeably 
affected  by  interception  of  the 
beam  by  cars,  trees  and  buildings. 
At  about  1,200  feet,  reliable  two- 
way  communication  was  main¬ 
tained,  with  the  signal  being  re¬ 
duced  nearly  to  the  noise  level  by 
beam  interception. 

At  distances  up  to  3,000  feet,  oc¬ 
casional  two-way  contact  was  pos¬ 
sible,  with  very  wide  variations  of 
signal  strength  noted  as  the  mov¬ 
ing  unit  moved,  sometimes  only 
20  to  30  feet,  suggesting  severe 
masking  by  groups  of  trees,  small 
buildings  or  unusually  large  local 
absorption  in  the  region  where  the 
moving  receiver  happened  to  be. 
During  this  test,  both  receivers  had 
a  bandwidth  near  one  megacycle. 

When  the  receiver  bandwidths 
were  narrowed  to  about  250  kc,  a 
similar  test  w'as  conducted  under 
the  same  weather  conditions  (fair, 
good  visibility).  The  results  were 
quite  similar,  with  one  notable  im¬ 
provement:  the  ranges  for  reliable 
two-way  communication  and  inci¬ 


Ground-to-tower  Communication 


Field  Tests 

Two  types  of  tests  were  con¬ 
ducted  :  with  both  stations  near 
ground  level,  and  with  one  station 
well  above  surrounding  terrain. 
In  all  cases,  complete  two-way  com¬ 
munication  was  attempted,  reduc¬ 
ing  to  one-way  communication  as 
the  separation  between  units  was 
increased.  In  this  manner,  it  was 
hoped  to  show  up  any  significant 
differences  between  units,  in  sig- 
nal-to-noise  ratio  and  ultimate 
sensitivity,  especially  in  the  port¬ 
able  unit,  which  was  often  run 
without  avc. 

Communication  between  two  mo¬ 
bile  units  has  been  the  major  part, 
but  not  the  most  significant  part, 
of  tests  to  date.  The  mobile  units 
were  built  into  privately-owned 
passenger  cars,  with  vertically 
polarized  non-directional  antennas 


The  a-c  portable  unit,  including 
antennas,  was  placed  on  the  roof 
of  a  six-story  apartment  building 
near  which  one  of  the  mobile  units 
had  operated  throughout  the  mo- 
bile-to-mobile  tests.  Due  to  a 
faulty  component,  this  test  was 
limited  to  a  one-way  trial,  with  the 
tow’er  station  transmitting  and  the 
mobile  units  receiving.  The  mo¬ 
bile  antennas  remained  nondirec- 
tional,  but  a  5-element  Yagi  array 
was  used  for  transmitting  from 
the  tower.  The  beamed  antenna 
was  so  oriented  that  it  would  pro¬ 
duce  a  somewhat  narrow,  flat  beam 
along  a  fairly  straight  road  lead¬ 
ing  away  from  the  tower.  The 
height  of  the  fixed  antenna  was 
about  90  feet  above  the  surround¬ 
ing  terrain  fpr  this  test. 

Reliable  one-way  communication 
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was  obtained  at  one  mile,  with 
startling  freedom  from  rapid  fad¬ 
ing.  The  signal  strength  at  a 
mile  was  easily  several  times 
greater  than  during  mobile-mobile 
tests  at  1,000  feet.  At  about  6,000 
feet,  off  the  beam  center  by  about 
30  degrees,  no  noticeable  effect  was 
observed  from  proximity  of  trees, 
low  buildings,  street  car  tracks, 
9verhead  trolleys,  or  any  of  the 
other  factors  producing  marked 
effects  on  mobile-to-mobile  com¬ 
munication. 

The  a-c  portable  unit  was  next 
taken  to  the  Electronics  antenna 
location  on  the  McGraw-Hill  Build¬ 
ing,  and  tests'  were  conducted  with 
the  Workshop  Associates  beam 
antenna  used  for  transmitting,  and 
the  usual  5-element  Yagi  array 
used  for  receiving.  Both  trans¬ 
mitting  and  receiving  antennas 
for  the  fixed  station  were  then 
about  500  feet  above  the  street,  and 
located  on  42nd  Street  between  8th 
and  9th  Avenues  in  New  York. 
These  antennas  were  beamed  up¬ 
town  (north),  while  the  mobile 
antennas  remained  nondirectional. 

At  about  one  mile  distance,  each 
of  the  three  receiver  front-ends 
was  aligned,  in  turn,  on  the  appro¬ 
priate  remote  transmitter.  Reli¬ 
able,  clear  two-way  communication 
was  maintained  at  one  mile,  in 
and  out  of  line  of  sight,  on  Eighth 


Avenue  and  on  Ninth  Avenue.  At 
this  distance,  very  little  effect  was 
found  from  interception  of  the 
beam  by  moderately  substantial 
buildings. 

No  convenient  line  of  sight  path 
over  a  mile  in  length  and  accessible 
by  automobile  was  available  on  the 
island  of  Manhattan,  so  no  attempt 
was  made  to  establish  the  maxi¬ 
mum  usable  range  in  open  country, 
although  tests  in  this  direction  are 
contemplated.  Intermittent  two- 
way  communication  was  had  at 
miles  with  marked  effect  from  ob¬ 
scuring  by  tall  and  short  buildings. 
Occasional  one-way  contact  at  two 
miles  was  achieved,  but  was  not  at 
all  predictable  from  one  block  to 
the  next.  Although  intermittent 
fading  was  found,  no  rapid  fading 
such  as  was  evident  in  mobile-to- 
mobile  tests  w’as  present  here. 

Conclusions 

In  the  last  test,  very  poor  com¬ 
munication  was  had  at  500  feet 
with  the  mobile  units  at  the  base 
of  the  building  straight  down  from 
the  tower.  This  was  not  surpris¬ 
ing,  since,  despite  the  proximity, 
the  tower  antennas  had  quite  sharp 
patterns,  with  a  distinct  minimum 
predicted  in  a  downward  direction. 

During  routine  mobile-to-mobile 
tests  in  residential  areas,  absorp¬ 
tion  in  surrounding  foliage  ap¬ 


peared  to  cause  significant  fading, 
even  though  the  foliage  did  not 
cross  the  line  of  sight  path  by  sev¬ 
eral  wavelengths.  At  times,  the 
signal  strength  at  a  distance  of 
300  feet  from  a  transmitter  could 
change  by  a  factor  of,  perhaps,  ten, 
within  a  space  of  ten  feet,  due  to 
beam  interception  by  trees  and 
wood-frame  houses.  In  general, 
height  of  antenna  appeared  to  play 
an  extremely  large  role  in  determ¬ 
ining  range  and  reliability  of  com¬ 
munication.  Mobile-mobile  contact, 
and  therefore  walkie-talkie  to 
walkie-talkie  contact,  can  not  be 
expected  to  be  useful  beyond  a  verj’ 
limited  range,  with  one  watt  of 
radiated  power,  with  receivers  of 
the  sensitivity  of  the  converted 
BC-645.  The  threshhold  sensitiv¬ 
ity  of  the  BC-645  receiver  is  about 
100  microvolts,  according  to  meas¬ 
urements  by  Mr.  Jerry  Minter  of 
Measurements  Corporation,  Boon- 
ton,  N.  J.  Field  trials  of  W2XSN 
with  the  equipment  described  in 
previous  articles  by  Walter  Hollis 
are  expected  to  take  place  shortly, 
yielding  data  on  low-powered  crys¬ 
tal-controlled  transmitters  and  re¬ 
ceivers.  In  addition,  WIOXEM 
will  continue  tests  with  the  cur¬ 
rent  equipment  and  other  antennas, 
while  medium-powered  (25  and  50 
watts  input)  crystal-controlled 
transmitters  and  receivers  are 
being  developed,  also  largely  from 
available  Government  surplus  elec¬ 
tronic  equipment.  The  develop¬ 
ment  of  the  25-watt  input  trans¬ 
mitter  is  under  FCC  construction 
permit,  call  W2XRW. 

The  author  wishes  to  thank  the 
McGraw-Hill  Publishing  Company 
for  use  of  the  building  and  facili¬ 
ties,  Paul  Havenstein,  Jr.,  John 
Lanefski  and  Ervin  Steinberg  for 
cooperation  in  testing  and  con¬ 
struction,  and  Joseph  Leferson  for 
assistance  in  frequency  checking. 
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Fiq.  I — The  Fuller  •l#ctronic  chronoiii*t#r  FIG.  2 — Kelley's  shutter  tester 


FIG.  3 — Fundcnnentol  drcult  of  Penther 


Testing 

Photographic  Shutters 


A  review  of  the  basic  circuits  used  in  electronic  testers.  Phototubes,  neon  lamps,  multi¬ 
element  vacuum  tubes,  cathode-ray  tubes,  and  iconoscopes  are  variously  employed. 
References  include  the  more  significant  published  articles  and  also  a  list  of  patents 
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The  use  of  photography  as  a 
medium  for  producing  a  per¬ 
manent  record  imposes  the  demand 
of  versatility  sufficient  to  cope  with 
subjects  having  extreme  ranges  in 
brightness,  size,  and  conditions  of 
motion.  While  a  photographic  shut¬ 
ter  acts  merely  as  a  valve,  and  does 
not  contribute  directly  to  the  qual¬ 
ity  of  the  recorded  image,  it  may, 
because  of  malfunction,  result  in 
failure  of  the  process. 

From  the  time  when  photo¬ 
graphic  emulsions  had  sufficient 
speed  to  make  exposures  of  a  frac¬ 
tion  of  a  second  practical,  there  has 
been  a  sustained  interest  in  the 
whole  subject  of  shutter  speeds  and 


efficiency,  with  much  thought  given 
to  means  of  evaluating  these  func¬ 
tions.  A  great  deal  of  work  has  been 
reported  on  the  development  of  me¬ 
chanical  and  electromechanical  de¬ 
vices  for  this  purpose  dating  from 
as  early  as  1882.  Inasmuch  as  inter¬ 
est  here  is  centered  primarily  on 
the  electronic  approaches,  these 
other  phases  are  treated  in  a  sepa¬ 
rate  paper.^ 

The  low  inertia  inherent  in  elec¬ 
tronic  systems  offers  several  ad¬ 
vantages.  It  permits  the  use  of 
equipment  which  is  accurate,  rela¬ 
tively  simple,  and  easily  operated  to 
study  all  types  of  shutters  as  well 
as  flashbulbs.  Evolution  began  in 


the  flashing-lamp  technique  for 
measuring  only  total-open-time 
with  the  incorporation  of  circuits 
to  establish  the  points  of  the  time 
scale  automatically  without  the 
need  of  photography  or,  more  spe¬ 
cifically,  without  the  use  of  film. 
One  version  by  A.  B.  Fuller*  in¬ 
volved  the  now  common  interposi¬ 
tion  of  the  shutter  between  a  light 
source  and  a  photocell  shown  in 
Fig.  1.  Glow  lamps  were  arranged 
to  light  in  a  known  sequence  and  at 
known  intervals  by  means  of  a 
motor-driven  commutator  through 
which  the  necessary  starting  volt¬ 
age  was  distributed.  This,  in  turn, 
was  controlled  by  the  photoelectric 
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FIG.  4 — Block  diagram  and  basic  circuit 
oi  Merrimon  and  Nichols 


detector.  Inasmuch  as  sufficient 
voltage  was  always  applied  to  sus¬ 
tain  the  discharge,  once  initiated, 
the  lamps  lighted  during  the  open 
period  of  the  shutter  would  remain 
so  until  a  manual  operation  cleared 
the  system.  Thus  an  indication  of 
the  approximate  total-open-time  of 
the  shutter  might  be  had  by  count¬ 
ing  the  lighted  lamps. 

Widespread  use  is  made  of  many 
variants  of  the  fundamental  scheme 
of  measuring  total-open-time  as  an 
appraisal  of  shutters.  The  measure 
has  been  quite  usable  since  shut¬ 
ters  are  reasonably  efficient  at  low 
speeds  for  all  diaphragm  openings. 
Also,  compensating  effects  arise 
through  film  latitude  and  the  reli¬ 
ance  of  the  user  on  experience 
rather  than  shutter  ratings.  In  ad¬ 
dition,  it  has  been  difficult  to  meas¬ 
ure  any  quantity  other  than  total- 
open-time. 

Evolution  of  Electronic  Methods 

Electronic  systems  often  employ 
cathode-ray  tubes  as  the  indicating 
devices,  although  considerable  use 
is  made  of  equipment  employing 
indicating  voltmeters  calibrated  in 
terms  of  average  or  equivalent  ex¬ 
posure.  The  variety  of  available 


phosphors  permits  a  wide  choice  in 
the  matter  of  a  short-memory  sys¬ 
tem  for  immediate  visual  appraisal 
or  a  photographic  recording  sys¬ 
tem  for  subsequent  study  purposes. 
In  addition,  the  record  is  obtained 
in  graphic  form  (relative  shutter 
opening  versus  time,  and  relative 
flash  intensity  versus  time)  on  a 
continuous  basis  as  opposed  to  the 
discontinuous  basis  of  early  me¬ 
chanical  systems  wherein  some 
treatment  of  the  data  was  necessary 
to  produce  the  characteristic  curve. 

J.  D.  Kelley*  described  a  photo¬ 
electric  means  of  measuring  aver¬ 
age,  or  equivalent,  open-time  by 
establishing  a  photoelectric  cur¬ 
rent  proportional  to  shutter  open¬ 
ing  and  using  it  to  store  charge  in 
a  capacitor.  Through  a  transfer 
method,  comparison  is  made  with 
that  current  which  measures  maxi¬ 
mum  area  of  shutter  opening.  The 
indicator  is,  in  essence,  a  vacuum- 
tube  voltmeter.  The  basic  circuit  is 
suggested  by  Fig.  2.  The  principle 
of  correspondence  of  mass-length¬ 
time  units  is  directly  satisfied,  since 
the  ratio  of  an  electric  charge  to 
an  electric  current  has  the  dimen¬ 
sions  of  time. 

In  the  application  of  this  system, 
a  figure  of  merit  for  shutter  speed 
is  obtained  only  after  the  manual 
operation  of  adjusting  a  resistor 
or  otherwise  balancing  circuit 
branches.  During  this  time,  charge 
is  being  held  in  the  capacitor  and  is 
subject  to  leakage.  C.  J.  Penther* 
recognized  the  shortcomings  and 
suggested  improvement  by  way  of 
some  circuit  modification  to  sim¬ 
plify  operation  and  to  make  the  de¬ 
vice  direct-reading.  The  basic  cir- 


FIG.  S — A  typical  oscilloscop*  lyitam 


cuit  modification,  for  purposes  of 
our  discussion  here,  is  indicated  in 
Fig.  3. 

It  was  then  a  straightforward 
step  to  the  shutter-tester  of  Mer- 
riman  and  Nichols*  which  incorpo¬ 
rated  a  light-chopper  and  utilized 
the  inherent  stability  and  high  gain 
of  an  a-c-coupled  amplifier  to  ac¬ 
complish  the  same  end  result.  The 
block  diagram  and  basic  circuit  of 
Fig.  4  should  suggest  the  principal 
variation.  One  may  note  the  addi¬ 
tion  of  suitable  R-C  networks  to 
permit  choice  in  the  indication  of 
equivalent  gxposure  time  or  total- 
open-time.  This  system  represents 
fairly  complete  refinement  in  the 
application  of  basic  principles. 

Oscillogroph  Methods 

Recognition  of  the  advantages 
of  the  oscillograph  method  came 
very  early — at  a  time  when  avail¬ 
able  oscillographs  depended  on 
moving  elements  of  the  mirror-gal¬ 
vanometer  type.*  However,  wide¬ 
spread  use  and  improvement  of  the 
method  awaited  the  development  of 
the  cathode-ray  tube  and  the  coinci¬ 
dental  advancement  in  photosensi¬ 
tive  detectors.  The  need  for  a  sys¬ 
tem  of  extremely  low  inertia  in 
recording  and  studying  transient 
phenomena  in  electrical  power  cir¬ 
cuits  (for  example,  lightning  dis¬ 
charges)  probably  resulted  in  most 
of  the  published  work  along  these 
lines.  It  would  seem  that  its  appli¬ 
cation  to  shutter  testing  must  have 
been  obvious  concurrently. 

Figure  5  is  a  block  diagram  indi¬ 
cating  the  typical  use  of  the 
cathode-ray  oscillograph  wherein 
the  vertical  deflecting  plates  are 


Fig.  6 — Shatter  tracM  on  a  cro 
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the  cathode-ray  tube,  thereby  vary¬ 
ing  the  intensity  of  the  beam  in 
accordance  with  time  pulses  of 
known  frequency.  The  basic  scheme 
thus  represented  is  in  "eneral  use. 
Variations  appear  primarily  in  dif¬ 
ferences  of  mechanical  or  electronic 
detail,  and  improvements  in  meth¬ 
ods  of  obtaining  standard  time  sig¬ 
nals. 

The  fact  that  it  is  possible  to 
modulate  the  electron-beam  in  the 
cathode-ray  tube  to  control  the 
brightness  of  the  trace  on  the 
screen,  makes  it  obvious  that  com¬ 
plementary  circuits  would  be  found 
wherein  the  spot  brightness  is  sup¬ 
pressed  during  standby  conditions 
and  raised  to  maximum  level  dur¬ 
ing  the  sweep  interval."’  “  This 
feature  is  now  common  in  oscillo¬ 
graphs  which  incorporate  single¬ 
sweep  circuits. 

While  others  had  already  recog¬ 
nized  the  value  of  nonlinear  time- 
bases  for  certain  applications,  H.  M. 
Ross"  used  a  logarithmic  base  and 
overcame  the  difficulty  and  incon¬ 
venience  of  readjustment  of  the  in¬ 
strument  between  testing  different 
speed  settings  of  shutters.  He 
pointed  out  that,  in  a  linear  system, 
it  is  possible  to  test  only  a  limited 
times  per  second.  The  reason  for  range  of  speeds.  If  the  horizontal 
the  choice  of  the  camera  they  used 
is  not  apparent,  for  Van  Liempt  and 
deVriemd  did  recognize  the  now 
common  approach  when  they  wrote, 

“If  no  oscillograph  camera  is  avail¬ 
able,  one  can  use  a  cathode-ray  tube 
having  two  pairs  of  deflection 
plates  with  a  single  electrical  time 
deflection.  The  pattern  can  then 
be  taken  with  the  usual  still  camera 
of  large  aperture.” 

In  October  1937,  J.  D.  Kelley,* 
reported  the  development  of  Ful¬ 
ler’s  earlier  proposal  for  employ¬ 
ing  a  cathode-ray  tube  system  as 
such  tubes  were  becoming  avail¬ 
able  commercially.  The  advent  of 
tubes  with  long  persistence  screens 
offered  a  medium  with  which  mod¬ 
erate-speed  transients  could  be 
studied  without  the  need  of  photo¬ 
graphing  the  trace.  Kelley’s  cir¬ 
cuit  (with  power  supply  omitted) 
is  given  in  Fig.  7.  He  refers  also 
to  Williams  and  Wolfenden*  who 
had  already  described  the  super¬ 
position  Of  a  time  scale  upon  the 
observed  pattern.  This  was  accom¬ 
plished  by  modulating  the  grid  of 


INTERLOCKING 

AMPLIFIER 


VERTICAL 

AMPLIFIER 


FIG.  7 — Early  cathode-ray  type  teeter  built  by  Kelley 


coupled  to  the  photoelectric  detector 
through  an  amplifier.  The  shutter 
under  test  is  interposed  in  the  usual 
way  between  the  phototube  and  a 
regulated  light  source.  Thus  there 
is  the  means  of  plotting  ordinates 
continuously  proportional  to  rela¬ 
tive  shutter  openings.  The  abs¬ 
cissas  are  proportioned  to  time  by 
means  of  the  horizontal  deflecting 
system  which  is  excited  by  a  trig¬ 
gered  single-sweep  circuit  usually 
consisting  of  a  gaseous  discharge 
tube  associated  with  R-C  compo¬ 
nents  of  known  time  constants. 

In  application,  sufficient  low-fre¬ 
quency  response  must  be  present  in 
the  amplifier  used  for  the  vertical 
deflection  system  in  order  to  mini¬ 
mize  distortion  of  the  trapezoidal 
type  of  pulse.  Such  distortion  is 
suggested  by  Fig.  6A.  Theoretic¬ 
ally,  a  d-c  amplifier  would  be  pre¬ 
ferred.  Where  amplifiers  having 
serious  limitations  in  this  respect 
must  be  employed,  a  good  approach 
can  be  made  through  the  modula¬ 
tion  of  the  light  source  by  mechan¬ 
ical  choppers,  or  through  crystal,  or 
Kerr-cell  techniques  at  frequencies 
a  few  orders  higher  than  that  rep¬ 
resented  by  the  shutter  speed  being 
considered. 

Figure  6B  shows  the  character¬ 
istic  curve  of  a  standard  type  of 
shutter  as  traced  by  such  cro  sys¬ 
tem.  A-  time  scale  is  provided  by 
millisecond  modulation  pulses. 
This  particular  shutter  has  a  fair 
degree  of  accuracy  at  the  speed  set¬ 
ting  under  test  (1/50  sec). 

In  1935,  Van  Liempt  and  de¬ 
Vriemd’  disclosed  a  shutter-testing 
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FIG.  8 — The  Ross  logarithmic  circuit 
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FIG.  9 — Testing'  flash  synchronisation 
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sweep  is  suitable  for  viewing  slow  negative  bias  required  to  work  on 

speeds,  the  pattern  for  a  higher  the  straight-line  portion  of  the 

speed  will  appear  unduly  cramped  characteristic  curve.  The  current’ in 
and  too  small  to  measure  properly,  the  pentode  (equal  to  that  flowing 
Conversely,  if  the  sweep  is  suitable  from  the  capacitor)  may  be  con¬ 
fer  viewing  high  speeds,  the  curves  sidered  proportional  to  V, 

for  slow  speeds  occupy  more  than  y  ^ 

the  bailable  screen  space.  In  using  i  =  GmVg  =  ^  ^ 

an  exponential  time-base,  equal  per-  Therefore  V,Ri  dV, 

centage  differences  appear  as  equal  ^ 

displacements.  Thus,  where  fixed  or  dV,  —  dt 

percentage  tolerances  are  used,  they  T7  K 

are  represented  as  equal  distances  from  which 
along  the  time  base  on  the  screen.  * 

A  speed  range  of  20  to  1  is  easily  If  a  high  degree  of  precision  is 
handled  with  no  significant  loss  of  required  in  the  logarithmic  scale, 
accuracy.  the  range  is  limited  to  about  one 

In  producing  a  logarithmic  time  log  cycle  (10  to  1)  by  the  necessity 
base,  a  pentode  is  employed  in  a  of  keeping  within  the  straight  por- 
feedback  circuit  as  suggested  in  tion  of  the  tube  characteristic.  If 
Fig.  8.  Use  is  made  of  the  fact  less  precision  is  acceptable,  it  is 
that  the  current  through  the  pen-  possible  to  extend  onto  the  toe  of 
tode  is  independent  of  its  plate  the  characteristic  and  thereby  ob- 
potential  over  a  wide  range.  If  tain  much  higher  ratios.  This  par- 
feedback  to  the  control  grid  is  ap-  ticular  method  permits  the  incor- 
plied  through  /2„  an  exponential  poration  of  a  switch  to  make  the 
voltage  decay  will  be  obtained.  A  circuit  identical  with  that  for  pro- 
simplified  analysis  is  supplied  by  viding  an  ordinary  linear  time-base 
Ross.  At  any  instant  t  =  —dq/dt  by  disconnecting  Ri. 

=  —{CdV,)/{dt)  where  t  is  the  In  1946,  C.  E.  Blake  and  L.  R. 
current  in  the  capacitor  C  and  q  is  Lankes,  described  their  version 
its  charge.  The  pentode  control-  (here  published  for  the  first  time) 
grid  voltage  V,  is  given  by  V,  =  of  a  cathode-ray  tube  method  tak- 
(Ro  F,)/(Ri  +  R,) disregarding  the  ing  advantage  of  the  availability 


of  a  tube  having  twin  electron-gun 
structures.  Since  the  deflection  sys¬ 
tems  are  electronically  shielded,  two 
different  phenomena  can  be  ob¬ 
served  concurrently.  'A  common 
horizontal  sweep  circuit  provides 
the  same  time-base  for  both, 
thereby  permitting  a  measure  of 
phase  differences.  For  the  shutter¬ 
testing  application,  this  technique 
furnishes  the  means  of  observing 
simultaneously  the  performance  of 
a  flashbulb  and  a  shutter.  Since 
there  is  then  no  problem  in  estab¬ 
lishing  a  time-index  relation,  test¬ 
ing  built-in^ flash  synchronizers  be¬ 
comes  automatic.  Figure  9  shows  a 
record  of  a  shutter  at  two  different 
speed  settings:  one  with  good,  the 
other  with  poor,  flash  synchroniza¬ 
tion.  The  block  diagram  of  Fig. 
lOA  shows  this  application,  employ¬ 
ing  two  Du  Mont  type  208  oscillo¬ 
scopes  as  complements  to  the  indi¬ 
vidual  sections  of  the  5SP11  tube. 
Normally  this  oscilloscope  does  not 
provide  the  choice  of  a  single  sweep 
in  the  horizontal  deflection  system. 
Therefore,  the  saw-tooth  oscillator 
of  one  unit  was  modified  by  incor¬ 
porating  a  diode  in  the  plate  cir¬ 
cuit  of  the  6Q5,  as  shown  in  the 
schematic  diagram  of  Fig.  lOB.  The 
6Q5  will  now  ionize  only  when  its 
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grid  receives  a  positive  pulse,  since 
the  diode  normally  holds  the  plate 
potential  to  a  value  sufficiently  low 
to  prevent  ionization.  A  simple  cir¬ 
cuit  for  providing  the  positive  pulse 
(Fig.  6)  is  used  when  checking  the 
ordinary  between-the-lens  shutter. 
In  testing  a  shutter  with  built-in 
flash  synchronizer,  the  shutter  is 
triggered  manually  and  the  pulse¬ 
generating  circuit  of  Fig.  IOC  is 
used. 

The  testing  of  focal-plane  shut¬ 
ters,  described  in  American  War 
Standard  Z52.65,  is  cumbersome. 
The  usual  attempts  to  simplify  the 
procedure  yield  results  which,  al¬ 
though  sufficiently  accurate,  gen¬ 
erally  fall  short  of  those  expected 
from  a  universal  laboratory  ana¬ 
lyzer.  These  devices  commonly  em¬ 
ploy  spot-sampling  techniques  (at 
three  positions  along  the  path  of 
travel)  which  are  suited  to  produc¬ 
tion-line  use.  R.  F.  Redemske"  de¬ 
scribed  a  versatile  instrument 
which  employed  this  approach. 
Since  this  description  was  pub¬ 
lished  recently,  its  details  will  not 
be  given  here. 

An  ideal  laboratory  device  should 
give  a  record  from  which  could 
be  determined,  element-by-element, 
the  variations  in  width  of  slit, 
equivalent-velocity  of  slit,  and  inte¬ 
grated  exposure,  for  all  parts  of 
the  picture  area.  While  this  is  es¬ 
sentially  a  restatement  of  some  of 


the  objects  outlined  by  Standard 
Z52.65,  it  is  desirable  to  obtain  the 
information  with  the  same  con¬ 
venience  found  in  the  application 
of  the  cathode-ray  tube  to  between- 
the-lens  shutter  testers. 

The  author  and  two  associates,  in 
devising  a  versatile  laboratory  ana¬ 
lyzer,  considered  the  use  of  an 
iconoscope  for  integrating  pur¬ 
poses  in  testing  focal-plane  shut¬ 
ters.  At  the  time,  the  expense  of 
available  iconoscopes  did  not  justify 
such  usage,  and  so  a  systerti  was 
evolved  which  proved  to  be  an  ac¬ 
ceptable  compromise.  This  compro¬ 
mise  will  be  more  easily  compre¬ 
hended  against  a  background  of  the 
iconoscope  system  which  will  be  ex¬ 
plained  first. 

By  setting  up  equipment  to  es¬ 
tablish  appropriate  factors  and  con¬ 
trol  their  parameters,  the  moving 
slit  of  the  focal-plane  shutter  under 
test  can  be  imaged  on  the  mosaic 
to  give  a  measure  of  integrated  ex¬ 
posure,  element-by-element,  over 
the  picture  area.  Figure  11  is  a 
block  diagram  employing  the  RCA 
5527  iconoscope.  The  regulated 
light  source  uniformly  illuminates 
the  shutter  along  its  path.  The 
shutter  slit  is  imaged  on  the  mo¬ 
saic.  In  operation,  the  shutter  is 
released  at  the  setting  under  test. 
The  horizontal  deflection  circuit  is 
triggered  automatically,  the  con¬ 
trol  being  common  to  both  icono¬ 


scope  and  cathode-ray  tubes.  The 
signal  from  the*  iconoscope  is  fed 
to  the  vertical  deflection  system  and 
a  graph  is  thus  plotted  of  inte¬ 
grated  exposure  against  shutter 
displacement.  The  use  of  the  twin- 
gun  cathode-ray  tube  permits  the 
separate  derivation  of  a  graph 
of  shutter  opening  (slit-width) 
versus  displacement.  This  is  ac¬ 
complished  by  the  beam-splitter 
diverting  a  portion  of  the  light  into 
a  phototube  amplifier  channel 
which,  in  turn,  controls  the  vertical 
deflection  system  of  the  second 
electron  gun.  A  time  scale  may  be 
superimposed  by  feeding  Z-signals 
to  either  electron  gun,  or  to  both 
guns,  as  preferred.  The  diagram 
includes  additional  control-details 
for  factors  which  should  not  be 
overlooked.  For  example,  the  slit- 
width  variation  curve  is  made  dur¬ 
ing  the  travel  of  the  shutter,  while 
the  curve  for  integrated-exposure, 
by  definition,  requires  some  delay. 
As  in  the  application  of  the  twin- 
gun  tube  to  testing  between-the- 
lens  shutters,  a  curve  for  synchro¬ 
nized  photoflash  may  be  obtained, 
in  place  of  the  curve  for  integrated 
exposure  to  permit  appraisal  of 
flash  duration. 

The  block  diagram  of  Fig.  12A 
illustrates  a  system  by  which  Blake, 
Dixon,  and  Lankes  simulate  the 
mosaic  of  an  iconoscope  with  its 
integrating  possibilities.  As  many 
as  25  of  the  type  1P42  midget  pho¬ 
totubes  are  employed  in  a  row 
aligned  with  the  travel  of  the  focal- 
plane  shutter  slit  or  its  projected 
image.  This  array  of  phototubes 
controls  the  means  of  measuring 
the  time  spent  by  the  slit  in  expos¬ 
ing  successive  increments  of  pic¬ 
ture  area.  A  separate  intensity¬ 
measuring  phototube  is  so  disposed 
to  detect  variations  in  slit  width. 
This  signal  is  fed  to  the  vertical 
deflection  system  of  the  cathode-ray 
tube  and  appears  for  periods  rep¬ 
resented  by  the  transit  time  of  the 
slit-image  over  the  apertures  of  the 
phototube  array  with  the  result  il¬ 
lustrated  by  trace  A  in  Fig.  12A. 
Trace  B  presupposes  the  use  of  the 
twin-gun  tube  to  show  another  time 
scale,  a  photoflash  curve,  or  both. 
Integrated  exposure  of  an  element 
of  the  picture  is  represented  by 
the  area  of  a  rectangular  increment 
of  trace  A,  wherein  its  altitude  is 


nc.  U— Iconoscope  used  for  focol-plone  shutter  testing.  Photocell  glees  indicotion 
of  slit  width;  iconoscope  gives  in«ncation  of  integrated  exposure 
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a  measure  of  light  intensity  and 
its  base  is  a  measure  of  time  for 
that  increment.  Thus,  the  relative 
amplitudes  (altitudes  of  the  rec¬ 
tangles),  or  deviations  in  them,  re¬ 
veal  changes  in  slit  width;  and  the 
bases  of  the  rectangles  measure 
the  relative  incremental  exposure 
time,  or  slit  velocity.  Figure  12B 
shows  the  diagram  of  the  circuit  to 
accomplish  the  time-metering  func¬ 
tion.  This  circuit  is  used  to  control  PIG*  I3 — A  variation  of  the  simulated  mosaic  system  that  uses  a  twin  cathode-ray  tube 
that  of  Fig.  12C,  which  shows  the 
disposition  of  the  slit-measuring 
phototube. 

Variants  may  be  devised  to  ap¬ 
proach  more  closely  an  integrating 
system.  One  such  is  suggested  in 
the  block  diagram  of  Fig.  13  (this 
being  a  modification  of  the  basic 
idea  of  Fig.  12A) .  While  the  same 
scheme  of  operation  applies,  each 
phototube  now  is  associated  with  an 
isolated  storage  circuit  which  is 
scanned  by  an  electronic,  or  me¬ 
chanical,  commutator.  The  appear¬ 
ance  of  the  cathode-ray  trace  is 
shown.  Appraisal  of  integrated, ex¬ 
posure,  increment  by  increment,  is 
simplified  to  the  point  where  ampli¬ 
tude  alone  is  a  direct  indication  of 
the  product  of  intensity  and  time. 

The  device  described  in  conjunc¬ 
tion  with  Fig.  12,  has  been  found 
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useful  and  satisfactory.  The  inte¬ 
grating  possibilities  of  the  variant 
suggested  by  Fig.  13,  offer  more 
convenience  in  appraising  the  re¬ 
sults.  However,  the  5527  icono¬ 
scope  is  a  more  complete  answer  to 
the  problem  and  offers  the  advant¬ 
age  of  relative  simplicity  in  a 
memory  system  and  associated 
scanning. 

The  authors  are  indebted  to 
many  associates  whose  interest  and 
cooperation  aided  substantially  in 
developing  the  ideas  herein  pre¬ 
sented. 
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Magnetic  tape  carrying  three  simultaneous  channels  gives  a  striking  illusion  of  presence 
when  played  hack  through  properly  oriented  speakers.  Experiments  indicate  feasibility  of 

two-channel  home  system  in  one  cabinet 


hrough  a  binaural  system  has  the  phonic  reproduction  for  the  home 
llusion  that  the  sound  originates  in  brings  up  a  number  of  problems 
he  room  rather  than  in  the  phones.'  which  are  entirely  different  from 
rhe  effect  is  striking  to  anyone  those  in  the  concert  hall  or  theater, 
ised  to  hearing  monaural  sound  For  one  thing,  the  listening  room  in 
:rom  a  headset.  a  home  is  much  smaller,  and  the 

Efforts  to  bring  stereophonic  listener  is  closer  to  the  loudspeak- 
jound  into  practical  use  have  been  ers.  With  speakers  on  each  side  of 
lirected  toward  entertainment  in  the  room  he  cannot  back  away  a  dis- 
the  theater  and  concert  hall,  be-  tance  comparable  to  the  distance 
:ause  of  the  complexity  and  cost  of  between  speakers ;  in  fact,  the  seat- 
such  a  system.  For  example,  the  ing  arrangement  is  often  such  that 
portable  equipment  for  Fantasia’s  the  listener  faces  the  broader  wall, 
road  show  employs  eleven  62-inch  Since  the  listener  is  free  to  move 
racks  of  amplifiers  plus  power  sup-  about  the  room  to  a  considerable 
plies  and  other  equipment.  It  is  extent,  the  stereophonic  illusion 
packed  in  45  cases  weighing  an  should  be  present  throughout  the 
average  of  330  pounds  per  case,  and  room.  Acoustics  of  the  room  are 
occupies  half  a  standard  freight  generally  fixed  and  little  can  be 
car.  done  about  them,  so  that  the  home 

One  field  so  far  neglected  is  that  stereophonic  reproducer  should 
of  home  entertainment.  Stereo-  ideally  be  adaptable  to  various 


WHEN  A  PERSON  LISTENS  di¬ 
rectly  to  an  orchestra,  an 
important  factor  contributing  to 
naturalness  of  the  sound  is  binaural 
hearing.  The  left  ear  of  the  list¬ 
ener  picks  up  a  sound  that  is  differ¬ 
ent  in  amplitude  and  phase  from 
the  sound  picked  up  by  the  right 
ear.  The  two  sounds  are  combined 
by  the  human  hearing  mechanism 
in  such  a  way  that  the  listener  can 
judge  the  direction  from  which  the 
sound  comes,  and  the  psychological 
effect  creates  a  feeling  of  presence. 

To  obtain  binaural  sound  repro¬ 
duction  a  two-channel  system  as 
illustrated  in  Fig.  1  can  be  used. 
Sound  is  picked  up  by  microphones 
placed  in  the  ears  of  a  dummy  head. 
Each  microphone  is  connected  to 
corresponding  earpieces  of  a  head¬ 
set.  A  person  listening  to  sound 
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intensity  picked  up  by  the  different 
microphones  during  a  rendition 
will  be  different,  necessitating  a 
method  for  setting  gain  as  indi¬ 
cated  in  Fig.  2.  A  test  selection  is 
played  by  the  orchestra  and  the 
gain  of  each  channel  is  set  at  the 
maximum  point  that  will  not  pro¬ 
duce  overload  of  the  recording  at 
any  time.  Depending  on  micro¬ 
phone  placement  and  relative  loud¬ 
ness  of  the  different  instruments, 
typical  settings  might  be  as  shown. 
On  playback  the  gains  of  the  ampli¬ 
fiers  are  set  in  inverse  ratio  to  the 
recording  amplification.  Some  ad¬ 
justment  from  the  values  given 
might  have  to  be  made  to  compen¬ 
sate  for  speaker  placement,  acoustic 
conditions,  and  characteristics  of 
the  ear. 

Comparisons  between  two-  and 
three-channel  systems  indicate  that 
a  satisfactory  simulation  of  realism 
is  possible  with  only  two  channels. 
A  third  microphone  that  is  caused 
to  feed  equally  into  both  channels 
may  be  placed  in  any  convenient 
location  for  soloist  or  announcer. 
To  the  listener,  the  reproduction  of 
this  voice  appears  to  come  from  its 
customary  center-stage  location. 
The  third  microphone  is  not,  how¬ 
ever,  mandatory  in  a  home-record¬ 
ing  system  because  pickup  from 
two  program  microphones  gives  the 
illusion  that  the  performer  is  in  a 
larger  room  beyond  the  walls  of  the 
listening  enclosure. 

It  has  been  found  that  the  more 
conventional  and  obvious  placement 
of  speakers  is,  at  best,  difficult  in 
the  ordinary  home.  With  repro¬ 
ducing  units  oriented  as  shown  in 
Fig.  3,  there  is  some  undesirable 
attenuation  of  the  high  frequencies, 
but  reflections  from  the  walls  give 
the  effect  of  virtual  sources  located 
at  an  appreciable  distance  outside 
the  room.  A  single  enclosure  with 
two  speakers  similar  to  the  ar¬ 
rangement  of  Fig.  3A  has  been 
designed  to  hold  the  complete  dual¬ 
channel  magnetic-tape  recorder- 
reproducer  with  associated  power 
supplies  and  amplifiers,  as  well  as 
a  conventional  radio-phonograph 
combination.  An  artificial  center 
channel  can  be  obtained  by  having 
ports  in  front  that  open  into  each  of 
the  speaker  compartments  to  give 
acoustic  mixing. — A.  A.  McK. 


is  less  than  4  percent  intermodula¬ 
tion  distortion  and  less  than  1  per¬ 
cent  harmonic  distortion  at  normal 
levels.  The  dynamic  range  is  60  db 
between  maximum  modulation  level 
and  noise  level.  Wow  and  flutter 
are  less  than  0.1  percent.  At  the 
normal  running  speed  of  1  foot  a 
second  a  full  reel  of  quarter-inch 
tape  plays  for  20  minutes. 

The  simplified  block  diagram  of 
Fig.  2  shows  the  elements  of  a 
three-channel  system.  In  actual 
practice  one  set  of  heads  serves  for 
both  recording  and  playback,  while 
the  recording  amplifiers,  with  read¬ 
justed  gain,  are  used  in  place  of 
the  two  sets  of  three  illustrated. 

Arrangement  of  the  stereophonic 
heads  is  presented  in  the  detail  at 
the  bottom  of  Fig.  2.  An  erase  head 
extends  across  the  entire  width  of 
the  tape  and  clears  off  all  three 
channels.  The  recording  heads  are 
staggered  along  the  length  of  the 
tape  to  permit  mechanical  and  elec¬ 
trical  isolation.  At  the  section 
where  one  head  is  recording  on  its 
track,  the  other  two  tracks  are  cov¬ 
ered  by  a  keeper  made  of  high- 
permeability  alloy.  This  arrange¬ 
ment  protects  tracks  1  and  3  when 
head  2  is  recording,  and  so  on. 

Because  the  same  heads  are  also 
used  for  playback,  when  head  1  is 
reproducing,  the  adjacent  channels 
are  magnetically  short  circuited  by 
keepers  to  prevent  crosstalk.  The 
other  channels  are  protected  in  the 
same  way.  Without  keepers  it  has 
been  found  that  heads  are  sensitive 
to  recordings  on  channels  as  far  as 
0.125  inch  or  more  from  the  head, 
the  effect  being  especially  pro¬ 
nounced  at  low  frequencies. 

Generally  the  maximum  sound 
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FIG.  2 — Block  diagram  of  elementi  com¬ 
posing  three-channel  recorder-reproducer 
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shapes  and  layouts  of  living  rooms. 

The  economics  of  a  home  stereo¬ 
phonic  system  are  also  important. 
A  theater  sound  system  can  cost 
many  thousands  of  dollars,  and  the 
film  for  a  program  of  several  hours 
can  also  be  worth  several  thousand 
dollars.  The  home  unit,  on  the 
other  hand,  must  sell  for  the  price 
of  a  high-grade  phonograph  com¬ 
bination,  or  somewhere  between 
$250  and  $1,000.  The  records  should 
sell  for  not  more  than  IJ  to  3  times 
the  present  cost  of  phonograph 
records  for  an  equivalent  playing 
time. 
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Experimental  Systems 

An  experimental  magnetic-tape 
recording  and  playback  system  re¬ 
cently  demonstrated  before  the  New 
York  Section,  IRE,  by  Marvin  Cam- 
ras  of  Armour  Research  Founda¬ 
tion,  shows  promise  of  approaching 
most  of  the  economic  requirements 
set  forth  above.  Three  channels 
are  provided  that  are  flat  within  5 
db  from  50  to  10,000  cycles.  There 
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FIG.  3 — Reflective  speaker  system,  show¬ 
ing  location  of  virtual  sources 
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FREQUENCY  IN  MEGACYCLES 


FIG.  1 _ Aisignments  in  the  20  to  54-mc  region  capable  ol  causing  direct  i-i  inlerierence 


By  PAUL  F.  G.  HOLST 

Croaley  Diviaion,  Avco  Manufacturing 
Corp.  Cincinnoti,  Ohio 


The  intermediate  frequencies 
used  in  superheterodyne  re¬ 
ceivers  for  the  reception  of  the  a-m 
and  f-m  broadcast  bands  have  in 
recent  years  become  standardized  at 
465  kc  and  10.7  me  respectively. 

A  recommended  RMA  standard 
specifies  that  the  intermediate- 
sound-carrier  frequency  for  com¬ 
mercial  television  receivers  shall  be 
between  21.25  me  and  21.9  me.  Field 
experience  gained  since  its  adoption 
has  revealed  that  this  choice  has 
severe  shortcomings.  The  data  pre¬ 
sented  here  were  obtained  to  deter¬ 
mine  whether  higher  frequency  i-f 
bands  would  be  preferable. 

The  scope  of  the  investigation 
was  limited  by  two  requirements  on 
which  there  appears  to  be  general 
agreement.  First:  The  intermedi- 
iate-frequency  bands  should  be  lo¬ 
cated  above  20  me  and  below  the 
lowest  television  channel  (channel 
2  since  the  recent  deletion  by  the 
FCC  of  channel  1).  Second:  The 
local-oscillator  frequency  should, 
for  channels  2  to  6  inclusive,  be  lo¬ 
cated  above  the  desired  channel. 
The  latter  requirement  also  deter¬ 
mines  the  oscillator  location  for 
channels  7  to  13  inclusive,  except 
for  the  case  where  an  intercarrier 
sound  system  is  used. 

The  principal  performance  char¬ 
acteristics  determined  or  infiuenced 
by  the  selection  of  the  i-f  bands  are 
as  follows: 


(a)  The  i-f  bands  must  not  co¬ 
incide  with  a  television  chan¬ 
nel. 

(b)  The  i-f  bands  should  ex¬ 
clude  the  standard-frequency 
broadcasts,  amateur,  indus¬ 
trial,  scientific  and  medical, 
and  international-broadcast 
bands. 

(c)  Harmonics  of  the  inter¬ 
mediate  frequencies  should  fall  • 
outside  the  television  channels. 

(d)  The  local-oscillator  fre¬ 
quencies  should  fall  outside  the 
television  and  f-m  channels. 

(e)  Cross-modulation  between 
a  television  signal  and  another 

Table  I — Allocations  in  the  Fre¬ 
quency  Bond  20  to  60 
Megacycles 


Kilocycles 

U.  S.  Service 

19,985-20,015 

Standard-frequency 

broadcast 

20,015-20,500 

Fixed 

20,500-21,000 

Fixed  and  mobile 

21,000-21,.500 

Amateur 

21,500-21,700 

International  Broad- 

cast 

21,700-21,985 

Fixed 

24,985-25,015 

Standard-frequency 

broadcast 

25,015-26,960 

Fixed  and  mobile 

26,960-27,280 

Scientific,  industrial, 
medical,  amateur 

27,280-28,000 

Fixed  and  mobile 

28,000-29,700 

Amateur 

29,700-29,985 

Fixed  and  mobile 

29,985-30,015 

Standard-frequency 

broadcast 

30,01.5-34,985 

Fixed  and  mobile 

34,985-35,015 

Standard-frequency 

broadcast 

35,015-40,660 

Fixed  and  mobile 

40,660-40,700 

Industrial,  scientific 
and  medical 

40,700-50,000 

Fixed  and  mobile 

.50.000-54,000 

Amateur 

54,000-60,000 

Television  Channel  2 

television  signal,  as  well  as 
signals  from  other  services 
such  as  f-m  and  amateur, 
should  not  result  in  signals 
within  the  i-f  pass-bands. 

(f)  The  intermediate  frequen¬ 
cies  should  minimize  the  possi¬ 
bility  of  harmful  spurious 
responses. 

(g)  It  should  be  possible  to 
provide  adequate  selectivity  in 
the  selected  i-f  bands  with 
practical  coils. 

(h)  It  should  be  possible  to 
provide  adequate  gain  in  the 
selected  i-f  bands  with  com¬ 
mercial  tubes. 

In  what  follows,  the  frequencies 
for  the  r-f  pass  band  are  given  in 
terms  of  the  lowest  frequency  ft  of 
the  television  channel  under  con¬ 
sideration,  while  the  frequencies  of 
the  i-f  pass  band  are  referred  to 
the  sound  intermediate  frequency 

U 

If  with  an  intercarrier  sound  cir¬ 
cuit  the  local  oscillator  is  operated 
below  the  desired  television  channel 
on  channels  7  to  13  inclusive,  the 
sound  carrier  frequency  for  these 
channels,  as  referred  to  channels  2 
to  6  inclusive,  will  be  /,  +5.50  me, 
while  the  limits  of  the  pass  band 
will  remain  unchanged. 

Direct  I-F  Interference 

Within  the  limitations  imposed 
on  this  analysis,  and  considering 
that  the  i-f  band  cannot  overlap  the 
lowest  television  channel,  it  is 
evident  that  the  highest  frequency 
which  can  be  considered  for  the  i-f 
sound  carrier  is  48.26  me. 


Intermediate  Frequencies 


Recent  experience  indicates  that  the  21-nic  and  26-nic  intermediate  frequencies  now 
widely  used  in  television  receivers  are  too  low.  An  exhaustive  study  of  possibilities  in  the 
range  from  20  to  50  me,  presented  here,  shows  the  superiority  of  values  above  30  me 


To  determine  the  effect  of  direct 
i-f  interference  it  is  necessary  to 
examine  the  services  located  in  the 
band  between  20  and  60  me,  as 
listed  in  Table  I.  Referring  speci¬ 
fically  to  the  standard  frequency 
band,  is  should  «be  noted  that  the 
rated  power  in  the  20  me  band  is 
8.6  kw  while  the  25,  30  and  35-mc 
transmitter  rating  is  only  0.1  kw. 
These  bands  are  shown  on  Fig.  1, 
together  with  television  channel  2. 

It  will  be  seen  that  there  is  no 
space  in  the  spectrum  below  30  me 
where  it  is  possible  to  locate  a  6-mc 
channel  without  possible  interfer¬ 
ence  from  one  or  more  services. 
However,  if  the  standard-frequency 
band  on  35  me  is  not  taken  into  con¬ 
sideration  there  exists  at  least  one 
satisfactory  band  above  30  me,  and 
since  the  band  from  44  to  50  me 
has  been  turned  over  to  low-power 
services  there  are  two  possible 
bands,  29.95-35.21  and  41.00-44.25 
me. 

The  RMA  recommended  inter¬ 
mediate  frequencies  encounter  in¬ 
terference  from  the  21.0  to  21.5  me 
amateurs,  and  the  21.5  to  21.7  me 
international  short  wave  band  may 
interfere,  particularly  if  the  inter¬ 
mediate  frequencies  are  selected  in 
the  low  end  of  the  recommended 
band.  On  the  other  hand,  the  in¬ 
dustrial,  scientific  and  medical 
band  from  26.960  to  27.280  me  may 
also  interfere,  particularly  if  the 
intermediate  frequencies  are  se¬ 
lected  in  the  high  end  of  the  recom¬ 
mended  band. 


will  consist  primarily  of  harmonics 
of  the  i-f  sound  and  picture  car¬ 
riers,  that  is,  the  frequencies  of  the 
interfering  signals  will  be:  = 

n  /,  me  and  =  w  (/,  -f-  4.6)  me. 

It  is  possible  to  draw  the  follow¬ 
ing  conclusions  from  this  diagram: 


(1.)  The  first  harmonics  can¬ 
not  interfere. 

(2)  None  of  the  6  lowest  har¬ 
monics  will  interfere  with 
channels  7  to  13  inclusive*  if 
the  sound  i-f  frequency  is  be¬ 
low  30.3  me. 

(3)  To  place  the  second  har¬ 
monic  of  the  sound  i-f  carrier 
above  channel  6,  it  will  be 
necessary  to  increase  its  value 
to  at  least  44  me. 

(4)  In  general,  an  increase  in 
the  i-f  frequencies  will  tend  to 
remove  low-order  harmonics 
from  the  pass  bands  and  re¬ 
place  them  with  higher-order 
harmonics. 

(5)  It  is  possible  to  select  in¬ 
termediate  frequencies  so  that 
some  harmonics  fall  below  54- 
mc  and  between  72  to  76-mc. 

Of  particular  interest  is  the  i-f 
sound  carrier  on  a  frequency  of 
32.8  me,  where  the  only  possible 
interferences  are  due  to  the  facts 
that  the  second  harmonic  of  the  i-f 
sound  carrier  is  located  150  kc  be¬ 
low  the  sound  carrier  in  channel 
3,  and  that  the  fifth  harmonic  of 
the  picture  carrier  is  located  750  kc 
below  the  picture  carrier  on  chan¬ 
nel  9. 

In  the  intercarrier  sound  system, 
when  the  oscillator  is  located  below 
the  band  on  channels  7  to  13  inclu¬ 
sive,  the  interfering  harmonics  will 
be  n  (/o  +  1.0)  and  n  (/« -1-  5.5)  me. 
Since  the  shift  in  frequencies  takes 
place  during  the  operation  of  the 
higher  channels,  no  significant 
changes  in  the  interferences  will 
result. 
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FIG.  2 — Possibilities  oi  i-f  harmonic  inter¬ 
ference.  plotted  over  the  range  from  20  to 
SO  me.  Curves  P  and  S  represent  picture 
and  sound  second  harmonic  respectively 
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Interference  From  I-F  Harmonics 

To  evaluate  the  interference 
which  may  be  caused  by  i-f  har¬ 
monics  coupled  into  the  antenna 
and  r-f  circuits,  reference  should 
be  made  to  Fig.  2.  In  this  diagram 
it  is  assumed  that  the  i-f  harmonics 
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Oscillator  Radiation 

To  examine  what  advantages  can 
be  gained  in  suppressing  oscillator 
radiation  through  the  proper  selec- 


FIG.  3 — Oscillator  radiation  as  a  source 
of  interference  to  television  and  f-m  chan¬ 
nels.  The  cross-hatched  bars  represent 
other  services  assigned  in  the  some  area 
os  the  channel  tuned  in 
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tion  of  the  i-f  bands,  reference 
should  be  made  to  Fig.  3.  On  this 
diagram,  the  channels  which  may 
use  a  local  oscillator  frequency  fall¬ 
ing  either  in  another  television 
channel  or  within  the  f-m  band,  are 
tabulated  on  the  left  side.  The 
location  of  the  local  oscillator  fre¬ 
quency  in  relation  to  the  other  tele¬ 
vision  channels  and  the  f-m  band  is 
plotted  for  each  channel  as  de¬ 
termined  by  the  sound  i-f  fre¬ 
quency.  The  possible  interferences 
are  classified  by  cross-hatching 
those  occurring  between  channels 
allocated  in  the  same  service  areas. 

As  tabulated  below,  the  possi¬ 
bilities  of  interference  with  another 
television  channel  decrease  rapidly 
as  the  i-f  sdund-carrier  frequency 
is  increased. 


•  BCAT(CHANNELS  NOT  ASSIGNED  IN  SAME  AREA) 
LEGEND  O  double  BEAT 

X  BEAT  (CHANNELS  ASSIGNED  IN  SAME  AREA) 


Table  II 


Interference  IVobable  in 
Television  F-M 
channels  channels 


1-F  Sound 
(me) 


20.00-20. 2r> 
20  25-22  25 

22.25- 21.25 

21. 25- 26 '25 

26.2.5- 28.25 

28.25- 50.25 

30.2.5- 36.25 

36.2.5- 12.25 


2  3  4  S  6  7  6  9  K)  II  12  13  20 

TELEVISION  CHANNEL 


■F  SOUND  (U  IN  MC 


FIG.  4 — Cross-modulation  interference  between  television  stations,  causing  a  signal 

within  the  i-i  bond 


which  are  allocated  to  the  same 
service  area  are  marked  with  a 
cross.  Furthermore,  the  double 
beats,  that  is,  beats  which  result 
from  a  picture  carrier  with  another 
picture  carrier  and  a  sound  carrier 
with  another  sound  carrier,  have 
been  enclosed  within  a  circle. 

In  general,  it  will  be  seen  that 
the  number  of  probable  interfer¬ 
ences  decreases  rapidly  with  in¬ 
creasing  intermediate  frequencies. 
With  the  recommended  RMA  i-f 
band,  cross  modulation  is  probable 
on  10  television  channels.  However, 
the  i-f  sound-carrier  frequency 
need  only  to  be  increased  above 
28.75  me  to  reduce  the  number  to  2. 
With  a  sound  intermediate  fre¬ 
quency  above  40.75  me  there  is  no 
probability  of  cross  modulation  be¬ 
tween  the  television  channels. 

The  88  to  108  me  f-m  band  is 
located  too  far  below  television 
channels  7  to  13  inclusive  to  pro¬ 
duce  cross-modulation  -interference. 
It  is  therefore  only  necessary  to 
examine  this  interference  with  re¬ 
spect  to  the  lower  five  channels.  The 
Interfering  signal  f,  is  above  the 


minimize  oscillator  radiation. 


It  will  be  noted  that  the  RMA 
recommended  standard  i-f  band  is 
in  a  very  poor  location  and  that 
complete  freedom  from  interfer¬ 
ence  between  television  receivers 
will  be  obtained  if  the  i-f  sound 
carrier  is  raised  above  24.25  me. 
To  effect  a  similar  improvement 
with  respect  to  radiation  in  the 
f-m  band,  the  i-f  sound  carrier 
should  be  above  48.25  me. 

If  an  intercarrier  sound  circuit 
is  used,  with  the  oscillator  operated 
below  the  desired  channel  on  chan¬ 
nels  7  to  13  inclusive,  it  can  be 
shown  that  the  numbers  pertaining 
to  the  seven  upper  channels  are  in- 
interchanged.  The  possibilities  for 
interference  therefore  remain  un¬ 
changed. 

Attenuation  in  a  double-tuned 
circuit  inserted  between  the  mixer 
and  the  antenna  will  cause  the 
power  of  the  radiated  local  oscilla¬ 
tor  signal  to  be  inversely  propor¬ 
tional  to  the  square  of  the  inter¬ 
mediate  frequency.  Therefore,  the 
selection  of  a  relatively  high  inter¬ 
mediate  frequency  will  in  itself 


Cross  Modulation 

The  study  of  cross-modulation 
interference  is  limited  to  cases 
where  a  television  transmitter  pro¬ 
vides  one  of  the  two  signals  which  t 
causes  the  beat  frequency.  The 
other  signal  may  be  provided  by 
another  television  transmitter,  an 
f-m  transmitter,  or  an  amateur 
transmitter.  In  general,  it  should 
be  taken  into  account  that  an  in¬ 
crease  in  the  intermediate  fre¬ 
quency  will  increase  the  attenua¬ 
tion  of  the  interfering  signal  and 
minimize  cross  modulation. 

Since  the  total  number  of  tele¬ 
vision  channels  allocated  below  300 
me  at  this  time  is  twdve,  it  is  pos¬ 
sible  to  determine  all  possible  beat 
frequencies  between  television  sta¬ 
tions.  The  result  of  such  an  inves¬ 
tigation  has  been  plotted  on  Fig.  4 
for  all  beat  frequencies  above  20 
and  below  50  megacycles.  Beats 
resulting  from  channels  not  allo¬ 
cated  to  the  same  service  area  have 
been  marked  with  a  point,  while 
beats  resulting  from  channels 
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desired  television  channel  and  cross 
modulation  may  interfere  with  the 
sound  channel  if  (/,  —  ft  —  1.50) 
<  /.  <  (/.  -  ft  -  1.00)  or  (/.  - 
ft  -  6.00)  <  /.  <  (/.  -ft-  5.50). 
Interference  to  the  picture  channel 
may  occur  if  —  7.00)  < 

/.  <  f,  —  ft  -  1.50)  or  if.  —  ft 
-  11.50)  <f,<  if.  -  ft  -  6.00). 
The  results  as  calculated  from  the 
above  formulas  are  tabulated  be¬ 
low: 


Table  III 


I-F  Sound 
(me) 

20.00-22.40 

22.40-24.65 

24.6.5- .30.65 
.40. 65- to.  65 

10.6.5- t6.65 
t6.6.5-.50.00 


Cross  Modulation 
Possible  to  Tel. 
Ch.  Numbers 

.4,  4,  5,  6 
2,  3,  4,  5.  6 
2,  3,  4,  5 
2,  3.  4 
2,  3 


channel  may  exist  if  (/,  —  f,  — 
4.5)  <  /.  <  ift  -  -h  1.00)  ift 
-  /.)  <  /.  <  ift  -  /.  +  5.56). 

The  220-225-mc  band  is  located 
above  the  desired  television  band 
and  the  formulas  derived  for  the 
f-m  band  will  apply.  The  results 
calculated  from  the  above  formulas 
are  tabulated  in  Table  IV.  It  ap¬ 
pears  some  possibilities  for  cross 
modulation  cannot  be  avoided,  since 
the  number  of  possible  interfer¬ 
ences  varies  between  a  minimum  of 
four  and  a  maximum  of  eight.  In¬ 
terference  from  the  50-54  me  band 
may  be  avoided  if  the  i-f  sound  car¬ 
rier  is  made  higher  in  frequency 
than  34.00  me. 

It  may  be  seen  that  a  substantial 
advantage  exists  only  in  the  ex¬ 
treme  high  end  of  the  band. 


The  four  amateur  bands  which 
should  be  considered  in  connection 
with  cross  modulation  are  28.0- 
29.7,  50.0-54.0,  144.0-148.0  and 
220.0-225.0  me.  The  interfering 

signal  is  below  the  desired  tele¬ 
vision  channel  and  cross  modula¬ 
tion  may  interfere  with  the  sound 
channel  if  (/,  —  /.  -f  1.0)  <  /,  < 
ift  -  /.  +  1.50)  ift  -f.  +  5.5)  < 
/.  <  ift  -  f.  +  6.00). 
while  interference  to  the  picture 


Responses 


Image  responses  in  a  super¬ 
heterodyne  receiver  may  be  caused 
by  fundamentals  as  well  as  har¬ 
monics  of  the  undesired  signal  and 
the  local  oscillator.  However,  this 
investigation  was  limited  to  con¬ 
sideration  of  the  three  most  im¬ 
portant  spurious  responses,  the 
first-order  image,  second-oscillator 
image  (plus)  and  second-oscillator 
image  (minus). 


I F  Sound 

.\niateur  Bands  and  Possible  Interferences 

Total 

Number  of 
Possible 

(Me) 

28.0-29.7 

50.0-54.0 

Itl.O-l  18.0 

«>20— 225 

Interferences 

20.00-21.50 

Ch  2 

Ch  1-5 

Ch - 

Ch  10-11 

5 

21.50-22.00 

O 

4-5 

10-11 

6 

22.00-22.50 

O 

5 

« 

10-11 

5 

22. 50-23.. 50 

2 

5  • 

• 

9-10-11 

6 

23.50-25.80 

o 

5—6 

,  * 

9-10-11 

T 

25.80-26.00 

2-3 

5-6 

• 

9-10-11 

8 

26. 00-27.. 50 

2-3 

5-6 

9-10 

27.50-28.00 

2-3 

5-6 

7-8 

9-10 

8 

28. 00-28.. 50 

2-3 

6 

7-8 

9-10 

28.50-31.80 

2-3 

6 

7-8 

8-9-10 

8 

31.80-32.00 

2-3-4 

6 

7-8 

8-9-10 

9 

32. 00-33.. 50 

3-4 

6 

7-8 

8-9 

33.50-34.00 

3-4 

6 

7-8-9 

8-9 

8 

34.00-34.50 

3-1 

7-8-9 

8-9 

* 

34.50-36.00 

3-4 

7-8-9 

-7-8-9 

8 

36.00-38.00 

3-4 

8-9 

'  7-8-9 

38.00-39.50 

4 

8-9 

7-8 

5 

39.50-^11.80 

4 

8-9-10 

7-8 

6 

41.80-12.00 

4-5 

8-9-10 

7-8 

* 

42.00-44.00 

i— 5 

9-10 

7-8 

6 

4-1.00-45.50 

5 

9-10 

4 

45.50-17.80 

5 

9-10-11 

5 

47.80-18.00 

5-6 

9-10-11 

6 

48.00-50.00 

5-6 

• 

10-11 

* 

5 

The  first-order  image  spurious 
response  is  caused  by  the  funda¬ 
mentals  of  the  undesired  signal  and 
the  local  oscillator.  With  the  local 
oscillator  placed  above  the  desired 
television  channel,  the  image  of  the 
sound  channel  may  be  determined 
from  ift  +  2  f.  +  5.50)  <  f.  <  ift 
-f  2  6.00),  while  the  image  of 

the  picture  channel  is  (/,  +  2  /,  + 
6.00)  <  f.  <  (/.  +  2  /.  11.50) 

or  the  image  of  the  complete  tele¬ 
vision  channel  is  (/,  +  2  /,  -f  5.50) 
<  /.  <  ift  -i-  2/.  +  11.50). 

The  image  responses  for  the  tele¬ 
vision  chaiyiels,  as  a  function  of 
the  intermediate  sound  carrier  fre¬ 
quency,  are  indicated  on  Fig.  5.  It 
will  be  observed  that  no  television 
channel  will  fall  on  the  image  of 
another  television  channel,  unless 
the  sound  i-f  carrier  frequency  is 
increased  above  43.25  me  in  which 
case  channels  7  and  8  will  fall  on 
the  images  of  channels  5  and  6  re¬ 
spectively.  Other  possible  inter¬ 
fering  signals  are  tabulated  in 
Table  V.' 


Table  IV — Cross  Modulation  Between  Television  and  Amateiir  Bands 
Resulting  in  Signal  Within  I-F  Bond 


Table  V 

F-M  Ch. 

Vrnateur 

on  the 

Ch.  on  the 

I-F  Sound 

Image  of 

Image  of 

(me) 

Tel.  Ch. 

Tel.  Ch.  ' 

20.00-22.75 

o 

7  ; 

22.75-24.2.5 

o 

- -  '■ 

24.25-25.25 

— 

_  i 

25.25-28.25 

— 

^  i 

28.25-29.25 

— 

5. 6  I 

29.25-.30.25 

— 

5.  6  1 

30.25-33.25 

— 

.5  ^ 

.33.25-36.25 

— 

4 

36.2.5-38.25 

— 

3,  1 

38.2.5-39.25 

— 

3  i 

.39.2.5-11.25 

— 

2,  3 

41.25-14.25 

— 

•> 

41.2.5-.50.00 

- - 

-  •  ! 

Considering  first  the  RMA 
recommended  i-f  band,  the  f-m  sta¬ 
tions  located  on  the  image  of  tele¬ 
vision  channel  2  are  probably  the 
most  serious  objection  to  the  con¬ 
tinued  use  of  this  band.  Insofar 
as  amateurs  on  the  image  are  con¬ 
cerned,  it  will  be  observed  that 
apart  from  the  band  from  22.75  to 
25.25  me  and  the  frequency  33.25 
me  and  44.25  me,  it  will  be  neces¬ 
sary  to  go  above  44.25  me  in 
order  to  avoid  the  possibility 
of  this  type  of  interference. 
While  a  higher  intermediate  sound 
carrier  may  not  reduce  the  number 
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of.  possible  interferences,  it  will  and  on  channel  6  from  channel  10. 
reduce  their  ma^itude,  due  to  These  images  may  be  determined 
greater  attenuation  in  the  antenna  as  (2  /,+/.  +  6.75)  <  /.  <  (2 
and  r-f  circuits.  11.75)  with  the  results 

If  the  intercarrier  sound  system  shown  on  Fig.  7.  It  will  be  ob¬ 
is  used,  when  the  local  oscillator  is  served  that  the  possibilities  for 
placed  below  channels  7  to  13,  the  this  type  of  interference  vary  only 
image  response  of  the  sound  chan-  slightly  when  the  intermediate 
nel  will  be  (/«  —  2  —  5.50)  <  f,  sound  carrier  is  varied  from  20  to 

<  (/,  —  2  —  6.00),  while  the  50  me. 

image  response  of  the  picture  chan-  With  an  intercarrier  sound  cir- 
nel  will  be  (/♦  —  2  /,  —  5.00)  <  cuit,  when  the  local  oscillator  for 
/.  <  (/•  —2  /,  +  0.5),  or  the  image  channels  7  to  13  inclusive  is  located 
of  the  complete  television  channel  below  the  desired  band,  the. images 
is  (/♦  —  2  /,  —  6.60)  <  f,  <  (fi  may  be  determined  as  (2  f,  —  Z  f, 
-  2  U  +  0.6).  -5.25)  <  /.  <  (2  -  3  /.  +  0.75) 

Analysis  shows  that  this  oscilla-  and  examination  shows  that  none 
tor  arrangement  will  result  in  of  the  television  channels,  7  to  13 
greater  possibilities  for  image  in-  inclusive,  wiU  fall  on  the  image  of 
terference.  If  the  intermediate  another  television  channel  unless 
sound  carrier  frequency  for  the  the  sound  i-f  carrier  frequency  for 
lower  channels  is  selected  above  the  lower  channels  is  selected  above 
30.25  mo,  f-m  channels  will  be  42.25  me. 


determine  the  feasibility  of  the 
tuned  circuits,,  may  be  obtained 
with  sufficient  accuracy  from  the 
universal  selectivity  curves  shown 
on  Fig.  8  for  double-tuned  trans¬ 
formers  having  a  coupling  factor 
between  1.0  and  1.26  times  the  criti¬ 
cal  coupling  factor. 

If  the_  sound-intermediate  fre¬ 
quency  is  to  be  selected  among  the 
frequencies  from  20  to  50  me,  it  is 
found  that  the  bandwidth  required 
for  the  picture  channel  will  necessi¬ 
tate  that  the  Q  uf  its  tuned  circuits 
must  be  held  to  less  than  25.  Since 
this  is  a  readily  achieved  value,  the 
selectivity  of  the  picture  channel 
imposes  no  restrictions  whatever 
on  the  selection  of  the  i-f  fre¬ 
quency.  However,  it  has  been 
found  difficult  to  obtain  the  close 
coupling  required  to  attain  the  de¬ 
sired  bandwidth  with  simple  double- 
tuned  circuits  in  thp  low  end  of  the 
frequency  band  under  considera¬ 
tion.  The  use  of  an  intercarrier 
sound  system  makes  further  con¬ 
siderations  of  the  selectivity  re¬ 
quirements  unnecessary,  since  the 
sound  i-f  selectivity  will  be  inde¬ 
pendent  of  the  choice. 

Using  a  conventional  intermedi¬ 
ate  frequency  sound  amplifier,  it  is 
assumed  that  the  i-f  channel  will 
usually  be  made  somewhat  broader 
than  the  corresponding  circuits 
used  for  f-m  reception,  to  overcome 
the  effects  of  the  local  oscillator 
drift.  Let  it  further  be  assumed 
that  it  is  desired  to  place  the  10-db 
attenuation  points  400  kc  off  reso¬ 
nance.  It  is  then  possible  to  tabu¬ 
late  the  Q  required  for  various 
choices  of  the  sound  i-f,  as  follows: 

20  me  30  me  40  me  60  me 
n  =  1.0  62  94  124  157 

TO  =  1.25  69  103  138  172 
These  requirements  approach  the 
practical  limits  of  attainable  Q  in 
the  extreme  high  end  of  the  band. 


Selectivity 

It  is  necessary  to  determine  the 
Q  which  will  be  required  of  the 
tuned  circuits  to  provide  the  de¬ 
sired  selectivity  and  shape  of  re¬ 
sponse  within  the  pass  bands.  This 
information,  which  is  required  to 


Second-Order  Image  (Plus) 

The  second-order  images  (plus) 
may  be  determined  as  (2  /,  -f  3  /,  + 
11.25)  <  /.  <  (2  /,  -1-  3  /.  +  17.25) 
and  the  results  are  as  shown  on  Fig. 
6.  It  will  be  observed  that  such  in¬ 
terferences  are  possible  from  the 
higher  to  the  lower  channels,  but 
that  the  possibilities  for  interfer¬ 
ences  decrease  rapidly  as  the  sound 
intermediate  frequency  is  in¬ 
creased. 

With  an  intercarrier  sound  cir¬ 
cuit,  if  the  local  oscillator  for  chan¬ 
nels  7  to  13  inclusive  is  located 
below  the  desired  band,  the  images 
may  be  determined  as  (2  /,  —  /, 
+  0.25)  <  /.  <  (2  -h  6.25) 

and  an  examination  shows  that  no 
television  channel  will  fall  on  the 
images  of  television  channels  7  to 
13  inclusive  for  the  band  of  second 
i-f  carrier  frequencies  under  con¬ 
sideration. 

Second-Order  Image  (Minus) 

Interferences  of  the  second-order 
(minus)  type  have  been  experi¬ 
enced  on  channel  5  from  channel  7 


FIG.  5 — First-order  image  responses  as  a 
function  of  the  sound  intermediate  fre¬ 
quency 


T  I  :  : -  The  selection  of  the  frequencies 

\  INI  sound  and  picture  bands 

zjBBfc  will,  for  a  given  type  of  tubes  oper- 
ating  in  a  given  type  of  circuit,  de- 
s  termine  the  gain  which  can  be 

>160^:^  I  '  '  i  I - S?  obtained  from  an  i-f  stage  with  a 

^  .  — pZtZZ  specified  bandwidth  and  shape  of 

^  {"'"Tip  response  in  the  pass  band.  To 

“  i-Fs^cywMEGMYCLEs  ”  ovaluato  the  factoFs  iovolvod  io  this 

- — — — -  problem,  we  will  determine,  for  a 

FIG.  6— Second-order  image  responses  (+)  double-tuned  stage,  the  maximum 
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Table  VI — Summary  oi  Performance  Data 


' 

STANHARD 

I-F  RAND  (A) 
Sound  21 .9  me 

Picture  26 . 4  me 

SELECTED 

I-F  BAND  (B) 
Sound  32 . 8  mo 

Picture  37.3'ma 

SELECTED 

I-F  BAND  (C)  j 
Sound  41.2  mo  1 

Picture  45.7  me  ! 

Oain  per  stage 

Best 

Poorer 

(0-1 . 8  db  less  than  A) 

Poorest  { 

(0-2  9  db  less  than  A)  | 

eg 

Selectivity  (sound 
channel) 

Satisfactory 
(Q  required,  70) 

Satisfactory 
(Q  required,  100) 

Satisfactory 
(O  required.  130) 

Harmonic 

interference 

Poorer 

(3  harmonics  fall  in 
television  bands) 

Better 

(2  harmonics  fall  in 
television  bands) 

Better 

(2  harmonica  fall  in 
television  bands) 

I-F  attenuation 

Best 

Poorer 

(I  to  8  db  less  than  A) 

Poorest  * 

(2-24  db  leas  than  A) 

Stations  on  I-F  band 

Poorer 

(Diathermy  and 
standard  broadcast 
interference  possible) 

Better 

(No  diathermy  or 
standard  broadcast 
interference  possible) 

Better 

(No  diathermy  or 
standard  broadcast 
interference  possible) 

Image  attenuation 

Poorest 

Better  • 

(3-7  db  more  than  A) 

Best 

(5-12  db  more  than  A) 

Spurious  Responses 

Stations  on  image 
frequency 

Poorest  by  large 
margin 

(27  FM  stations  on 
image  of  ch  2.  Ama¬ 
teurs  on  image  of 
ch  7) 

Much  better  than  A 

(No  FM  on  images) 

(Amateurs  on  image 
of  ch  3) 

SligfaUy  poorer  than  B 

(Amateurs  on ’image 
of  cb  2) 

Second  oscillator 
image  (plus) 

Poorest 

(Ch  9  on  image  of 
ch  2) 

(Ch  10  on  image  of 
ch  3) 

(Ch  13  on  image  of 
ch  4) 

Better 

(  \mateurs  on  image  of 
ch  2) 

Best 

(No  amateur  or  tele¬ 
vision  ch.  on  image) 

Second  oscillator 
image  (minus) 

Belter 

(Amateurs  on  image 
of  eh  3) 

(Ch  7  on  image  of 
ch  5) 

(Ch  to  on  image  of 
ch  6) 

Poorest 

(Amateurs  on  image 
of  ch  2) 

(Ch  7  on  image  of 
ch  4) 

(Ch  9  on  image  of 
ch  5) 

(Ch  12  on  image  of 
ch  6) 

Best 

(Ch  11  on  image  of 
oh  5) 

d 

0 

*<3 

Attenuation 

Poorest 

Belter 

(4-9  db  more  than  A) 

Bc’st 

(6-1 4  db  more  than  A) 

m 

-3 

•g 

s 

a 

s 

1  o 

1 

With  television 
stations 

Poorest  by  consider¬ 
able  margin 
(Probable  on  12 
tel  eh) 

Much  better  than  A 
(Probalile  on  2  tel  ch) 

Perfect 

(Not  possible  on 
tel  cb) 

With  F-M  stations 

Poorest 

(Probable  on  4  tel  ch) 

Better 

(Probable  on  3  tel  ch) 

Beet  i 

(Probable  on  2  tel  ch) 

Radiated  power 

Poorest 

Better 

(3  6  db  less  than  A) 

Best 

(5  8  db  less  than  A) 

«  X  <B 

Radiation  into  tel  ch 

Poorest  by  consider¬ 
able  margin 
(!>  probable  combi¬ 
ne  tions) 

Much  belter  than  A 
(1  probable  combi¬ 
nation) 

Perfect 

(No  possible  combi¬ 
nation) 

CCS 

Radiation  into  F-M 
band 

Better 

(2  possible  combi¬ 
nations) 

Poorest 

(3  possible  combi¬ 
nations) 

Best 

(1  possible  combi¬ 
nation) 

gain  that  can  be  obtained  from  the 
stage  if  the  effects  of  the  grid-plate 
capacitance  are  neglected.  This 
figure  for  the  gain  is  independent 
of  the  center  frequencies  of  the 
tuned  circuits  and  may  be  calcu¬ 
lated  from  the  mutual  conductance 
of  the  amplifier  tube  and  the 
capacitive  load  on  the  tuned  cir¬ 
cuits,  together  with  the  Q  required 
to  produce  the  desired  shape  of  the 
i-f  response  characteristic.  In 
addition  the  maximum  safe  gain 
which  can  be  used  without  exces¬ 
sive  regeneration,  must  be  deter¬ 
mined  from  the  mutual  conduc- 
ance  of  the  amplifier  tube,  the  grid- 
plate  capacitance  of  the  amplifier 
tube,  and  the  center  frequency  of 
the  tuned  circuits.  If  the  latter 
gain  is  the  lower,  it  will  determine 
the  available  gain. 

The  maximum  gain  of  an  ampli¬ 
fier  stage  may  be  determined  from 

where  the  value  of  Q//.  may  be 
.  und  from  Fig.  8.  Theoretical  con¬ 
siderations,  as  well  as  practical  ex¬ 
perience,  show  that  the  maximum 
gain  which  can  be  obtained  safely 
from  an  unneutralized  i-f  stage  is 
hy/OmXf  where  g„  is  the  mutual 
conductance  of  the  amplifier  tube 
and  xf  is  the  reactance  of  the  grid- 
to-plate  feedback  capacitance. 

It  is  found  that  the  maximum 
gain  in  a  sound  i-f  stage  with  three 
typical  tubes  is 

6AC7  166  to  182  times 

6SG7  97  to  107  times 

6AG5  159  to  174  times 

The  corresponding  maximum  safe 
gain  is  listed  below  for  the  three 
types  of  tubes: 


/.  (me) 

20 

30 

40 

50 

6AC7 

32.6 

26.6 

23.0 

20.6 

6SG7 

55.9 

45.6 

39.5 

35.4 

6AG5 

20.1 

16.4 

14.2 

12.7 

These  ; 

gains 

represent 

the 

maxi- 

mum  that  can  be  used.  The  avail¬ 
able  gain  per  stage  in  the  i-f  sound 
channel  is  therefore  inversely  pro¬ 
portional  to  the  square  root  of  its 
center  frequency.  However,  the  dif¬ 
ference  in  gain  per  stage  is  not 
great.  Moreover  the  loss  in  sound 
i-f  gain  is  of  no  importance  if  an 
intercarrier  sound  system  is  used. 

The  maximum  gain  in  the  pic¬ 
ture  i-f  channel  may  be  determined 


if  we  assume  that  a  stage  using  an 
over-coupled  transformer  as  shown 
in  Fig.  8  will  be  used,  and  that  the 
bandwidth  is  considered  to  the 
point  where  the  loss  in  gain  does 
not  exceed  2  db.  Then,  for  a  4-mc 
bandwidth,  Q/f,  =  0.38  and  the 
gains  which  may  be  obtained  with 
the  three  types  of  tubes  are: 
6AC7-20;  6SG7-12;  6AG5-19.5. 


For  maximum 
correspondingly : 

safe 

gain  we 

find 

/.  (me) 

20 

30 

40 

50 

6AC7 

30.2 

25.3 

22.2 

20.2 

6SG7 

52.1 

43.5 

38.0 

34.4 

6AG5 

18.7 

15.6 

13.7 

12.4 

Only  in  the  case  of  the  6AG5  tube 
will  a  reduction  in  gain  be  experi¬ 
enced  if  the  i-f  band  is  moved  to¬ 
wards  the  higher  frequencies,  since 
the  maximum  gains  previously  cal¬ 
culated  are  controlling  in  the  other 
two  types. 

Selection  of  I-F 

If  it  is  decided  to  exclude  ama¬ 
teur,  industrial,  scientific  and 
medical,  as  well  as  international 
broadcast  bands  from  the  i-f  pass 
bands,  the  lowest  choice  for  an  in¬ 
termediate  sound  carrier  frequency 
will  fall  in ‘the  band  29.95  to  35.21 
me.  In  this  band  32.8  me  has  been 
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iand  the  41.2-mc  intermediate  sound 
carrier  frequency  becomes  feasible. 

M  I  ^  sound  i-f  carrier  frequency  of 

^  require  that  the  local 

z  •  52  oscillator  be  operated  above  the  de- 

^  sired  television  channel,  since  op- 

I  eration  below  the  band  will  result 

*  ,40  in  f-m  stations  being  on  the  image 

I  ‘~r~r‘  i~l  of  television  channels  7,  8,  9  and  10. 

4  The  performance  iwrovided  by  an 

l-r  s(3So(w«MEG:8>a.«  “  •  i-f  sound  carrier  frequency  of  41.2 

- * -  me,  compared  to  32.8  me  and  21.9 

FIG.  7 — Second  order  image  responeee  ( — )  mc,  as  noted  in  Table  VI  shows  two 

outstanding  advantages:  (1)  Cross¬ 
modulation  interference  between 
television  channels  has  been  elim¬ 
inated.  (2)  Local  oscillator  radia¬ 
tion  into  television  channels  has 
been  eliminated.  As  compared  to 
21.9  mc,  the  41.2  mc,  sound  i-f  car¬ 
rier  is  superior  on  11  counts,  satis¬ 
factory  on  1,  slightly  poorer  on  1 
and  poorer  on  2  counts,  as  enumer¬ 
ated  below. 

The  two  counts  where  the  41.2 
mc  sound  i-f  carrier  is  the  poorer 
are:  (1)  The  maximum  safe  gain 
per  stage  in  the  i-f  sound  channel 
has  been  reduced  by  2.9  db  and  al¬ 
though  greater  by  1.1  db  than  the 
loss  with  a  32.8  mc  i-f  sound  car¬ 
rier,  it  still  should  be  classed  as 
being  of  minor  importance.  Fur¬ 
thermore,  the  use  of  an  intercar¬ 
rier  sound  system  would  make  this 
point  of  no  significance.  (2)  The 
attenuation  of  direct  i-f  interfer¬ 
ence  when  tuned  to  channel  2  has 
been  reduced  by  24  db  and  16  db 
respectively  as  compared  to  the  at¬ 
tenuation  provided  by  21.9  and  32.8 
mc  sound  i-f  carriers.  Although  this 
loss  is  serious,  the  possibility  of 
fixed  traps  and  the  absence  of  high- 
power  services  within  the  i-f  pass 
band,  as  already  stated,  tends  to 
mitigate  this  loss. 

These  tables  would  appear  to  jus¬ 
tify  the  following  conclusions:  (1) 
Regardless  of  the  disposal  of  tele¬ 
vision  channel  1,  an  intermediate 
frequency  of  32.8  mc  offers  much 
greater  freedom  from  interference 
than  the  band  from  21.25  to  21.9 
mc.  Its  adoption  would  not  com¬ 
plicate  receiver  design  nor  increase 
cost.  (2)  Now  that  the  band  from 
44  to  50  mc  is  assigned  to  low- 
power  services,  still  greater  free¬ 
dom  from  interference  may  be 
gained  by  the  use  of  an  interme¬ 
diate  sound  carrier  frequency  of 
41.2  mc. 


sel^ted  as  the  most  desirable  in¬ 
termediate  sound  carrier  frequency. 
The  reasons  for  this  choice  are: 
The  direct  i-f  attenuation  and  i-f 
stage  gain  make  it  desirable  to 
choose  the  lowest  i-f  frequency  for 
which  the  possibilities  for  inter¬ 
ference  are  at  a  minimum.  The  in¬ 
terference  from  .the  second  har¬ 
monic  of  the  i-f  sound  carrier  and 
the  144  to  148-mc  amateur  band  are 
near  a  minimum  at  32.8  mc.  This 
value  therefore  complies  with  the 
above  requirements.  * 

Since  the  44  to  50  mc  band  has 
been  assigned  to  low-power  serv¬ 
ices,  the  additional  band  from  41.00 
to  44.25  mc  is  available  as  the  in¬ 
termediate  sound  carrier  frequency. 
On  the  basis  of  second  harmonic  i-f 
interference  a  frequency  of  41.2  mc 
is  indicated  as  the  intermediate 
sound  carrier  frequency. 

Comparison  of  the  Performance 

The  performance  provided  by  an 
i-f  sound  carrier  frequency  of  32.8 
mc,  as  compared  to  21.9  mc,  shows 
that  four  outstanding  advantages 
may  be  gained  through  the  use  of 
the  higher  intermediate  frequency, 
as  shown  in  Table  VI:  (1)  There 
is  no  diathermic  band  located 
within  the  i-f  pass  band.  (2)  There 
are  no  f-m  stations  located  on  the 
image  of  a  television  channel.  (3) 
The  number  of  television  channels 
which  may  cross  modulate,  so  that 
beats  are  formed  within  the  i-f 
pass  band,  has  been  reduced  from 
10  to  2.  (4)  The  number  of  tele¬ 
vision  channels,  which  may  experi¬ 
ence  interference  due  to  local  oscil¬ 
lator  radiation,  has  been  reduced 
from  5  to  1.  The  32.8  mc,  i-f  sound 
carrier  is  superior  in  10  out  of  15 
counts,  satisfactory  on  one  count, 
slightly  poorer  on  1  count  and 
poorer  on  3  counts. 

The  counts  on  which  the  32.8  mc 
i-f  sound  carrier  provides  the 
poorer  performance  are:  (1)  The 
maximum  safe  gain  per  stage  in 
the  i-f  sound  channel  has  been  re¬ 
duced  by  1.8  db  but  this  loss  must 
be  classed  as  minor.  Furthermore, 
this  point  has  no  significance  if  an 
intercarrier  sound  system  is  used. 

(2)  The  attenuation  of  direct  i-f 
interference  has  been  reduced  by  8 
db  when  tuned  to  channel  2.  Seri¬ 
ous  as  this  loss  is,  there  are  how¬ 
ever  two  mitigating  factors :  First, 


i-f  rejection  may  be  built  perma¬ 
nently  into  the  r-f  circuits,  as  the 
band  to  be  rejected  is  fixed  and  out¬ 
side  the  desired  reception  band. 
Second,  there -are  no  high  power 
services  in  the  frequencies  of  higher 
i-f  band. 

(3)  The  second  oscillator  image 
(minus)  shows  three  television 
channels  on  the  image  of  three 
other  television  channels,  as  com¬ 
pared  to  two  responses  of  this  kind 
with  the  lower  intermediate  fre¬ 
quencies.  However,  this  shortcom¬ 
ing  should  to  some  extent  be  coun¬ 
teracted  by  the  greater  attenuation 
provided  by  the  higher  interme¬ 
diate  frequencies. 

(4)  There  is  the  possibility  of 
interference  due  to  local  oscillator 
radiation  into  three  f-m  channels 
with  the  higher  intermediate  fre¬ 
quencies,  as  compared  to  two  with 
the  lower  intermediate  frequencies. 
This  difference,  however,  is  minor 
and  could  readily  be  remedied  by 
proper  geographic  and  frequency 
station  allocation. 

The  table  furnishes  correspond¬ 
ing  data  for  the  conditions  which 
exist  now  that  the  44  to  50-mc  band 
is  allocated  to  low-power  services. 


FIG.  8 — UniTertal  selectiTity  curres  for 
crilical  coupling  (n  —  1)  and  25  percent 
above  critical  (n  =  1.25) 
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Facsimile 

Goes  Commercial 


Simplex  and  multiplex  transmissions  on  f-m  broadcast 
band  using  8.2-inch  width  at  105  lines  per  inch  are 
authorized  by  FCC 


Commercial  facsimile  using 

f-m  broadcast  frequencies 
has  been  given  the  high-ball  and 
stands,  as  of  July  15,  in  a  position 
to  gain  some  financial  return  for 
the  investment  ploughed  into  its 
development. 

The  technique  of  transmitting 
exact  copies  by  wire  or  radio  has 
been  used  for  years  and  was  de¬ 
veloped  to  its  present  perfection 
for  the  armed  forces.  Other  radio 
services'  can  and  do  employ  it,  but 
now,  for  the  first  time,  there  is  the 
possibility  of  general  public  par¬ 
ticipation  in  use  of  the  medium  for 
entertainment,  news  dissemina¬ 
tion,  and  education. 

It  would  be  difficult  to  assess  the 
competitive  position  of  facsimile 
with  television  other  than  to  realize 
that  progress  of  the  one  will 
greatly  influence  the  other.  For 
this  reason,  probably  farm  and 
rural  acceptance  of  facsimile  will 
come  first.  Urban  utilization  can 
be  expected  in  the  display  field, — 
as  in  supermarkets  and  department 
stores. 

The  entertainment  use  of  fac¬ 
simile  has  recently  been  predicated 
on  the  status  of  f-m  broadcasting 
which  is  now  settled. 

The  program  material  that  can 
be  developed  for  public  entertain¬ 
ment  and  information,  the  means 
of  insuring  financial  sponsorship, 
are  far  behind  the  technical  accom¬ 
plishment.  While  success  in  the 
use  of  this  new  medium  akin  both 
to  publishing  and  radio  broadcast¬ 
ing  is  not  the  problem  of  the  engi¬ 
neer,  the  money  he  receives  for 
further  technical  improvements 
will  depend  directly  upon  the  com¬ 
mercial  success. 

At  the  same  time  commercial 
programming  was  authorized,  the 


FCC  set  up  rules  and  standards  for 
the  service.  Although  agreement 
in  the  industry  is  by  no  means 
unanimous,  the  FCC  decisions  are 
based  on  a  majority  opinion  of 
RMA  and  RTPB  and  are  agreed  to 
be  fair  and  workable. 

Both  simplex  and  multiplex 
transmissions  are  authorized,  but 
only  a  total  of  one  hour  of  simplex 
(facsimile  without  sound)  may  be 
used  from  7  am  until  midnight. 
Provided  there  is  no  degradation 
of  the  aural  f-m  program  below 
10,000  cycles,  the  FCC  will  author¬ 
ize  three  hours  multiplex  transmis¬ 
sion  of  facsimile  and  audio.  It  is 
further  provided  that  these  multi¬ 
plex  transmissions  shall  not  affect 
the  response  of  receivers  that  are 
not  used  for  receiving  facsimile. 
Between  the  hours  of  midnight  and 
7  am  either  type  of  program  is 
permitted. 

Thus  the  issue  of  multiplex,  so 
necessary  to  a  rational  use  of  com¬ 
mercial  facsimile,  is  being  gently 
forced.  This  pressure  is  not  un¬ 
reasonable;  E.  H.  Armstrong  suc¬ 
cessfully  demonstrated  multiplexed 
f-m  in  1934.  J.  V.  L.  Hogan  feels 
that  by  the  time  equipment  manu¬ 
facturers  are  ready  to  go  ahead  the 
engineers  will  have  worked  out  the 
complete  answer  to  practical  multi¬ 
plex.  It  is  not  necessary  to  de¬ 
grade  f-m  audio  below  15,000  cycles 
by  multiplexing  and  the  f-m  serv¬ 
ice  should  not  be  affected.  Actu¬ 
ally,  the  biggest  engineering  prob¬ 
lem  is  degradation  of  facsimile  by 
audio! 

Transmitting  equipment  for 
simplex  modulation  is  currently 
available  in  limited  quantities  from 
General  Electric.  Most  of  the  out¬ 
put  resulting  from  a  half-million 
dollar  contract  is  already  assigned. 


but  a  small  overrun  was  made. 
Conversion  to  multiplex  can  be  ac¬ 
complished  for  less  than  $300.  The 
last  of  about  250  receivers  worth 
$850  is  coming  off  the  line.  De¬ 
signed  for  simplex,  they  are  easily 
modified  for*  multiplex.  About  50 
simplex  receivers  are  in  production 
at  J.  H.  Bunnell,  Brooklyn,  N.  Y. 

Alden  Products,  Brockton,  Mass., 
has  a  line  of  broadcast  station 
equipment  immediately  available 
as  well  as  recording  apparatus. 
Proponent  of  a  4.1-inch  standard, 
as  opposed  to  the  8.2-inch  line  auth¬ 
orized  by  FCC,  Alden  is  tooled  up 
for  quick  delivery  of  a  small  4-inch 
recorder  that  can  be  quickly  at¬ 
tached  to  any  good  f-m  receiver. 
Although  optimum  results  will  not 
be  obtained  for  every  type  of  pro¬ 
gram  material,  the  price  of  this 
simple  attachment,  starting  at 
$100,  and  its  availability,  may  in¬ 
fluence  public  acceptance. 

With  an  eye  towards  future  de¬ 
velopment  of  color  facsimile*.  Finch 
Telecommunications  is  pushing 
production  of  100  transmitter  scan¬ 
ners  that  can  be  used  for  either 
black  and  white  or  color.  Produc¬ 
tion  of  5,000  recorders  for  opera¬ 
tion  with  any  f-m  receiver  has  been 
started  with  deliveries  scheduled  to 
begin  the  middle  of  August. 

All  these  recorders  employ  a 
chemically  treated  paper  now  cost¬ 
ing  about  one  cent  for  a  page  this 
size.  When  paper  demand  attains 
volume  proportions  it  is  reasonable 
to  expect  the  cost  to  drop  to  from 
half  to  a  quarter  of  a  cent  a  page. 
The  Finch  Colorfax  recorder  uses 
plain  paper. 

At  the  time  of  this  writing,  there 
are  11  stations  throughout  the 
country  authorized  to  engage  in 
experimental  facsimile  broadcast¬ 
ing. — A.  A.  McK. 

REFEREN'CES 

( 1 )  VHF  Link  for  Press  Photos,  Elec¬ 
tronics.  p  100,  Augrust  1947. 

(2)  Color  Facsimile,  Electronics,  p 
104,  October  .1947. 
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Electronics  in 

ASTRONOMY 


By  GERALD  E.  KRON 

Lick  Observatory 
University  of  California 
Mount  Hamilton,  Calif. 


Astronomy  deals  with  subtle 
quantities:  minute  amounts  of 
radiant  energy,  accurate  and  deli¬ 
cate  motions  of  massive  instru¬ 
ments,  and  the  detection  and  meas¬ 
urement  of  minute  displacements 
of  spectral  lines  or  photographs  of 
stellar  images.  Quantities  of  this 
type,  though  small  and  difficult  to 
measure,  must  sometimes  be  meas¬ 
ured  tens  of  thousands  of  times  in 
solving  a  single  astronomical  prob¬ 
lem.  Electronics  furnishes  at  once, 
in  its  mastery  of  the  smallest  of  all 
discreet  particles,  the  electron,  the 
required  delicacy  of  detection  and 
the  means  for  automatically  repeat¬ 
ing  certain  operations  rapidly,  ac¬ 
curately,  and  efficiently.  It  is,  thus, 
no  wonder  that  astronomy  is  drift¬ 
ing  rapidly  from  pure  optical  and 
mechanical  methods  of  measure¬ 
ment  and  recording  toward  compli¬ 
cated  combinations  of  optics,  me¬ 
chanics,  and  electronics,  with 
electronics  playing  the  dominant 
role  in  practically  all  cases  where 
it  appears. 

A  discussion  of  modern  elec¬ 
tronic  devices  as  applied  to  astron¬ 
omy  may  be  clarified  by  dividing 
the  devices  into  three  major  groups : 
(1)  Timekeepers  (2)  Laboratory 
aids  and  (3)  Photoelectric  photom¬ 
eters. 


Timekeepers 

The  use  of  a  simple  pendulum  as 
a  timekeeper  has  been  known  for 
centuries,  and  the  best  modern  pen- 
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FIG.  1 — Circuit  of  a  Toriobie-rate  oicUlator  and  power  amplifier  designed  to  drire  FIG.  2 — Electronic  equipment  employed  to 

the  motor  of  a  36-inch  refracting  telescope.  Such  equipment  is  essential  to  compensate  drive  a  20-inch  telescopic  camera,  utills- 
for  rotation  of  the  earth  while  studying  a  star  ing  on  electromechanical  oscillator 


and  it  would  have  been  impossible 
without  the  electronic  crystal  clock. 

Astronomers  sometimes  require 
clocks  for  purposes  other  than  that 
of  keeping  highly  precise  time.  For 
example,  nearly  all  telescopes  must 
be  mounted  in  such  a  way  that  they 
can  be  moved  to  compensate  for  the 
rotation  of  the  earth  in  order  to 
make  possible  continuous  training 
of  the  instrument  on  an  astronom¬ 
ical  object.  Consequently,  most 
telescopes  are  mounted  so  that  cue 
of  their  two  axes  of  motion  rotates 
parallel  to  the  rotational  axis  of  the 
earth.  Such  a  system  of  mounting 
makes  possible  compensation  for 
the  rotation  of  the  earth  by  rotat¬ 
ing  the  telescope  about  its  parallel 
axis  at  constant  speed.  Thus,  a 
clock  is  required.  The  clock,  how¬ 
ever,  must  have  special  properties; 
it  need  not  be  an  extremely  good 
timekeeper,  but  its  rate  must  be 
capable  of  convenient  adjustment 
by  the  observer.  The  last  require¬ 
ment  is  caused  by  the  fact  that 
although  the  rotational  speed  of 
the  earth  is  highly  constant  the* rate 
at  which  a  telescope  must  be  moved 
to  follow  a  star  is  not,  because  of 
bending  of  the  telescope  and  mount 
and  because  of  refractive  effects  of 
the  earth’s  atmosphere.  The  latter 
effect  makes  celestial  objects  appear 
to  rise  sooner  and  set  later  than 
they  actually  do.  The  most  conven¬ 
ient  way  to  compensate  for  these 
variations  is  to  provide  for  adjust¬ 
ment  by  the  observer.  The  200- 


inch  reflector  at  Palomar  Mountain 
was  fitted  with  automatic  devices 
for  correcting  the  effects  of  flexure 
and  refraction  at  great  expense. 

The  requirements  of  a  telescope- 
drive  clock  are  best  met  by  elec¬ 
tronic  equipment.  The  timing  fre¬ 
quency  is  usually  generated  by  an 
oscillator  of  some  kind,  either  elec¬ 
tromechanical,  capacitance-induct¬ 
ance,  or  resistance-capacitance.  The 
signal  from  this  oscillator,  whose 
frequency  can  be  controlled  over  a 
small  range  by  the  observer  to  give 
rate  control,  is  then  subject  to 
power  amplification  and  is  fed  to  a 
synchronous  motor  which  drives 
the  telescope.  The  usual  frequency 
used  is  approximately  60  cycles  per 
.second,  and  power  at  this  frequency 
is  fed  to  the  small  motor,  which  is 
geared  down  to  produce  the  neces¬ 
sary  revolution  of  the  telescope 
axis  at  about  one  turn  per  day. 
The  telescopes  at  the  Lick  Ob¬ 
servatory  are  equipped  w’ith  elec¬ 
tronic  drives.  The  36-inch  Crossley 
reflector  and  the  36-inch  refractor 
have  been  converted  from  weight 
drives,  and  a  20-inch  telescopic 
camera  was  so  equipped  at  the  time 
it  was  installed  in  1939.  Figure  1 
is  a  schematic  diagram  of  an  oscil¬ 
lator-amplifier  drive  for  the  36-inch 
refractor.  The  oscillator  is  a  vari¬ 
able-inductance  resi.stance-stabi- 
lized  L-C,  and  feeds  a  final  amplifier 
consisting  of  six  6L6’s  in  class- 
AB  push-pull-parallel.  This  type  of 
power  amplifier  is  used  because  of 


the  cheapness  and  availability  of 
receiving-type  tubes  and  because 
danger  from  high  voltages  is 
avoided.  The  output  stage  drives  a 
150th  hp'  Bodine  motor,  which 
drives  the  telescope  through  a  large 
speed  reduction.  The  output  stage 
will  start  the  motor  from  a  stand¬ 
still,  but  a  circuit  is  included  which 
provides  for  starting  the  motor 
from  the  line  w’hen  the  device  is 
turned  on,  and  for  transferring  the 
motor  from  line  to  drive  circuit  as 
soon  as  the  tubes  are  warm.  The 
drive  has  been  is  use  since  1942, 
with  practically  no  servicing.  It  is 
of  interest  that  the  actual  amount 
of  power  required  to  drive  the  14- 
ton  weight  of  the  moving  parts  of 
the  telescope  is  less  than  a  500th  hp, 
owing  to  the  slow  speed. 

Figure  2  shows  the  drive  for  the 
20-inch  telescopic  camera.  This 
drive  starts  with  an  electromechan¬ 
ical  vibrating-wire  oscillator  whose 
signal  ultimately  drives  a  pair  of 
FG-57  thyratrons  as  phase-invert¬ 
ers,  necessary  to  drive  the  large  mo¬ 
tor  with  which  the  telescope  was 
provided  by  its  makers.  The  oscil¬ 
lator  consists  of  a  vertical  metal 
wire  held  under  tension,  carrying  a 
small  piece  of  iron  located  at  its 
mid-point.  Each  end  of  the  iron 
projects  into  a  small  coil,  one  of 
which  is  u.sed  as  a  pickup,  the  other 
as  a  driver  coil.  When  the  pickup 
signal  is  amplified  and  used  to  ener¬ 
gize  the  driver  the  system  becomes 
an  oscillator  whose  frequency  may 
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FIG.  3 — Automatic  guiding  attachment  for  a  100-inch  telescope,  designed  in  such 
a  manner  that  light  Irom  a  star  under  obserration  causes  correction  of  tracking  errors 


FIG.  4 — Optical  and  electronic  compo¬ 
nents  oi  the  guiding  attachment 


"be  changed  by  changing  the  tension 
in  the  wire.  Tension  is  regulated 
from  a  remote  station  by  varying 
the  current  in  an  electromagnet, 
whose  attraction  contributes  to  the 
tension.  This  time  standard  is  ca¬ 
pable  of  considerable  precision.  It 
was  developed  and  built  by  the  War¬ 
ren  Telechron  Company. 

Laboratory  Aids 

Most  astronomical  observatories 
are  short  of  personnel,  and  are  en¬ 
gaged  in  processing  huge  amounts 
of  data.  Any  machine  which  can 
help  speed  the  reduction  of  data  is 
most  welcome  to  the  astronomer. 

A  machine  for  counting  star  im¬ 
ages  on  a  photographic  plate  has 
been  placed  in  service.  This  prob¬ 
lem  is  relatively  simple,  however, 
and  less  important  than  the  prob¬ 
lem  of  automatically  making  pre¬ 
cision  measurements  of  the  posi¬ 
tions  of  stellar  images.  A  machine 
designed  to  make  such  measure¬ 
ments  is  being  developed  at  the 
Watson  Scientific  Laboratories.  In 
this  machine,  the  photographic 
plate  is  mounted  to  move  vertically. 
A  photoelectric  scanning  head  is  so 
mounted  that  it  can  be  moved  hori¬ 
zontally  by  means  of  a  precision 
screw  turned  by  a  servomechanism. 
Approximate  positions  of  the  stars, 
already  stored  in  a  punched-card 
catalog,  may  be  coupled  to  the 
servomechanism  for  directing  the 
scanning  head  to  the  approximate 
position  of  a  star  to  be  measured. 
The  scanning  head  then  makes  a 
precise  setting  upon  the  image  by 
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error  signals  are  portrayed  by  ,  an 
oscilloscope  to  aid  the  observer  in 
appraising  the  performance  of  the 
guider.  The  observer  is  almost  en¬ 
tirely  relieved  of  guiding  for  cer¬ 
tain  types  of  observing,  and  he  may 
spend  most  of  his  time  comfortably 
thinking  about  his  work  in  a  warm 
room,  while  the  automatic  guider 
does  the  tedious  chores.  Figure  3 
is  a  schematic  diagram  of  the  prin¬ 
cipal  components  of  the  guider,  and 
Fig.  4  is  a  picture  of  the  attach¬ 
ments  required  to  make  the  tele¬ 
scope  self-guiding.  This  guider 
makes  it  possible  to  keep  a  stellar 
image  at  the  250-foot  focus  of  the 
huge  100-inch  telescope  automati¬ 
cally  positioned  to  within  a  small 
fraction  of  a  millimeter. 

An  astronomical  spectrogram  is 
a  photograph  of  the  light  of  an 
object  such  as  a  star  or  nebula  after 
the  mixed  light  has  been  spread  out 
in  wavelength  by  means  of  a  prism 
or  grating.  Such  spectrograms  con¬ 
tain  large  amounts  of  information 
concerning  the  properties  of  the 
objects,  and  the  taking  and  analyz¬ 
ing  of  spectrograms  forms  a  major 
part  of  the  activities  of  many  ob¬ 
servatories.  Among  the  measure¬ 
ments  made  on  spectrograms  are 
those  designed  to  lead  to  the  rela¬ 
tive  intensities  of  the  light  in  vari¬ 
ous  wavelengths.  The  degree  of 
blackening  of  the  photographic 
plate  is,  of  course,  an  indication  of 
the  brightness  of  the  light  which 
caused  it,  and  one  would  expect  that 
a  simple  measurement  of  the  black¬ 
ening  with  a  photoelectric  device 
would  suffice  as  the  desired  meas¬ 
urement.  This  is  far  from  the  fact, 
however.  Photographic  blackening 
is  not  linearly  proportional  to  the 
incident  light  brightness;  further¬ 
more,  the  blackening  will  depend 
upon  subtle  things  such  as  varia¬ 
tions  in  photographic  emulsions 
from  one  plate  to  another,  the  con¬ 
ditions  of  exposure  of  the  plate,  and 
the  exact  conditions  of  develop¬ 
ment.  The  necessary  corrections  to 
change  blackening  into  light  inten¬ 
sity  can  be  applied  by  hand,  so  to 
speak,  but  the  problem  of  treating 
large  numbers  of  spectrograms  in 
this  manner  is  one  of  almost  unbe¬ 
lievable  tediousness. 

For  many  years  developmental 
work  has  been  under  way  on  ma¬ 
chines  to  offer  partial  or  complete 


solutions  to  the  problem.  This  de¬ 
velopmental  work  has  culminated  in 
the  design  and  construction  of  a 
direct-intensity  microphotomeler, 
at  the  Mt.  Wilson  Observatory, 
which  gives  a  complete,  general 
solution  and  which  is  undoubtedly 
one  of  the  best  direct-intensity  mi¬ 
crophotometers  ever  built.  Two 
photographic  plates  are  mounted  in 
the  machine;  one  plate  has  the 
spectrum,  the  other  is  a  plate  from 
the  same  package,  developed  at  the 
same  time  as  the  spectrum  plate, 
and  in  the  same  developer.  The  sec¬ 
ond  plate,  however,  is  exposed  as  a 
standard  in  a  special  spectrograph 
which  gives  an  imprint  with  two 
coordinates,  one  in  wavelength,  the 
other  in  known  intensity.  Light 
from  a  common  source  scans  both 
plates  alternately,  and  the  two 
plates,  mounted  in  separate  car¬ 
riages,  move  continuously  in  the 
wavelength  direction.  As  the  plates 
move,  the  blackening  in  both  is  com¬ 
pared  by  a  931 A  multiplier  photo¬ 
tube,  and  the  standard  plate  is 
moved,  by  means  of  a  servomecha¬ 
nism,  in  its  intensity  direction  by 
an  amount  sufficient  to  equalize  the 
blackening  in  the  two  plates.  This 
displacement  is  recorded  by  means 
of  a  pen  on  a  continuously  moving 
strip  of  paper.  The  system  is  a 
null  method  with  respect  to  light 
measurements  in  the  machine  itself, 
and  all  of  the  gross  peculiar  char¬ 
acteristics  of  the  photographic 
plate  are  removed  by  the  compar¬ 
ison  with  the  known  standard.  The 
curve  drawn  on  paper  represents 
the  intensity  of  the  original  star¬ 
light  striking  the  original  plate, 
which  becomes  the  spectrogram. 

Photoelectric  Photometers 

In  astronomical  parlance,  photo¬ 
electric  photometry  is  the  direct 
measurement  of  the  intensity  or 
color  of  starlight  by  means  of  pho¬ 
toelectric  methods.  The  technique 
has  been  developed  to  the  point 
where  the  systematic  and  accidental 
errors  of  observation  are  much 
smaller  than  those  of  photometry 
by  any  other  method.  Thus  astron¬ 
omers  have  made  contributions  to 
light  measuring  techniques. 

The  difficulty  of  the  problem  can 
be  emphasized  by  considering  the 
amount  of  energy  with  which  one 
must  work  when  measuring  the 


intensity  of  starlight  A  star  of 
6th  magnitude  is  of  such  brightness 
that  it  can  just  be  seen  with  the 
unaided  eye  on  a  dark,  moonless 
night.  The  eye  collects,  from  a  star 
of  this  brightness,  energy  at  the 
rate  of  5  x  10  ”  watt,  a  rate  so  small 
that  it  has  no  ordinary  significance. 
Yet,  the  astronomer  classes  a  star 
of  6th  magnitude  as  a  bright  star. 
A  12-inch  telescope  gathers  enough 
light  (3  X  10'”  watt)  from  a  6th 
magnitude  star  to  make  it  an  easy 
object  for  modern  photoelectric 
photometers,  and  there  is  little 
worry  until  one  wishes  to  work  on 
stars  100th,  as  bright,  or  11th  mag¬ 
nitude,  far  too  faint  to  be  seen  with 
the  unaided  eye,  yet  still  not  nearly 
at  the  limit  of  detection  of  the  pho¬ 
tocell  or  phototube. 

Two  types  of  phototube  emission 
surfaces  are  in  most  common  use  by 
astronomers,  the  antimony-cesium 
(Sb-Cs),  and  the  cesium-oxide-on- 
silver  (CsO-Ag).  The  former  is 
the  most  sensitive  detector  known 
for  blue  light,  while  the  latter  is  the 
most  sensitive  surface  known  for 
the  near  infra-red.  The  problem  of 
employing  phototubes  on  faint  light 
resolves  itself  into  the  problem  of 
measuring  the  extremely  small  cur¬ 
rents  that  are  generated.  The  Sb-Cs 
surface  will  yield  a  current  of 
about  3.3  X  10  “  ampere  from  t,he 
light  of  a  6th-magnitude  star  gath¬ 
ered  by  a  12-inch  telescope,  while 
the  CsO-Ag  surface  will  give  about 
0.25  X  10  “  ampere  from  the  same 
light.  Photometry  with  the  Sb-Cs 
surface  is  a  relatively  simple  tech¬ 
nical  problem  if  it  is  employed  in 
the  form  of  a  multiplier  such  as  the 
1P21  multiplier  phototube.  In  the 
1P21,  the  original  photocurrent  is 
multiplied  by  a  factor  of  about  5 
million  by  successive  stages  of 
secondary-emission  multiplication ; 
this  raises  its  output  to  the  order 
of  1.5  X  lO  '  ampere,  a  current  large 
enough  to  be  measured  with  ease 
by  means  of  the  proper  equipment. 

The  proper  equipment  can  take 
the  form  of  a  good  galvanometer 
connected  in  the  anode  circuit  of 
the  multiplier.  For  greater  sensi¬ 
tivity,  especially  if  the  multiplier  is 
refrigerated  to  reduce  its  dark 
noise  level,  the  galvanometer  may 
be  preceded  by  a  low-grid-current 
cathode-follower  stage.  A  circuit 
of  this  type  was  used  recently  by 
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A.  E.  Whitfor'd  in  what  was  per-  astronomical  measurement.  cable  is  the  anode  (signal)  lead; 

haps  the  most  remarkable  feat  of  Recent  developments  have  re-  the  other  is  an  11-conductor  plastic¬ 
measuring  faint  radiation  ever  ac-  suited  in  a  practical  solution  to  the  insulated  cable*  which  carries  the 

complished.  Whitford,  employing  a  problem.  The  difficulty  of  the  long  necessary  potentials  to  the  sec- 

1P21  refrigerated  with  dry  ice,  time-constant  has  been  resolved  by  ondary  electrodes  of  the  multiplier, 

measured  the  light  and  color  of  an  neutralizing  most  of  the  capac-  Potentials  for  a  multiplier  are  con- 

18.2-magnitude  extra-galactic  neb-  itance  by  means  of  positive  feed-  veniently  furnished  by  the  new 

ula  with  the  100-inch  reflecting  back,  using  the  interelectrode  ca-  small  dry  batteries,  such  as  the 

telescope.  It  was  estimated  that,  pacitance  of  the  phototube  itself  Eveready  413;  the  necessary  930 

without  the  measurement  of  colors,  to  introduce  the  feedback.  By  volts  of  batteries  are  contained  in 

the  limit  could  have  been  pushed  to  means  of  this  device,  the  use  of  a  small  box  measuring  12x9x1^ 

19.0-magnitude.  The  current  out-  loading  resistors  of  from  10“  to  inches,  fastened  to  the  tube  of  the 

put  from  the  multiplier  was  3.5  x  5  x  10“  ohms  has  been  found  prac-  telescope.  The  batteries  long  out- 

10  “  ampere,  and  the  limit  'f  detec-  ticable.  Continental  Electric  now  last  their  shelf  life,  inasmuch  as 
tion  was  estimated  to  be  ....1-mag-  also  makes  a  stable  phototube  in  no  appreciable  current  is  drawn 
nitude,  the  brightness  of  a  candle  which  gas  multiplying  factors,  on  from  them,  and  they  will  continue 

in  England  viewed  from  California  faint  light,  of  more  than  100  are  to  deliver  their  rated  voltage  into 

by  way  of  the  Atlantic.  obtained.  A  phototube  photometer  the  minute-current  load  of  the  mul- 

The  ease  with  which  the  multi-  using  high-value  grid  resistors  and  tiplier  long  after  they  test  dead 

plier  phototube  can  be  used  has  this  gas-multiplying  cell  has  the  with  a  voltmeter, 

made  it  very  popular  among  astron-  same  theoretical  sensitivity  as  a  Figure  6  is  a  circuit  diagram  for 

omers.  The  1P21  is  useful  for  pho-  multiplier-phototube  type ;  in  ac-  a  d-c  amplifier  as  used  with  a  pho¬ 
tometry  in  the  ultraviolet,  violet,  tual  practice,  gas  phototubes  have  toelectric  photometer.  The  lower 

blue,  green,  and  yellow  regions  of  surfaces  more  sensitive  than  those  left-hand  portion  of  the  diagram 

the  spectrum.  Valuable  as  it  is,  found  in  multipliers.  In  addition,  is  devoted  to  the  circuit  for  a  pho- 
however,  the  tube  has  several  short-  they  have  larger  and  better  shaped  totube  receiver,  which  may  be 
comings.  Most  important,  the  1P21  light-receiving  surfaces,  greatly  switched  into  service  by  means  of 

is  not  sensitive  to  orange,  red,  and  simplifying  the  somewhat  difficult  Si.  The  portion  of  the  unit  en- 

infrared  light,  and  no  satisfactory  problem  of  receiving  the  steep-  closed  by  dotted  lines  is  the  photo¬ 
multiplier  having  such  sensitivity  angled  f:5  beam  from  a  large  re-  tube  light-receiver,  and  is  attached 

is  marketed.  In  addition,  the  cath-  fleeting  telescope.  to  the  telescope.  For  proper  opera- 

ode  is  partly  veiled  by  a  wire  grid  A  modern  photometer  consists  tion,  this  part  of  the  apparatus 

structure,  and  it  is  not  of  the  high-  of  a  light-receiver  containing  the  must  be  in  a  sealed  container  from 

est  attainable  quantum  efficiency,  multiplier,  or  the  phototube,  grid  which  the  air  has  been  evacuated. 

For  photometry  in  the  long  wave-  resistor,  and  low-grid-current  am-  Light  is  admitted  through  a  small 
lengths,  and  for  achievement  of  the  plifying  tube.  The  output  from  the  glass  window,  or  through  a  fog- 
utmost  in  the  measurement  of  faint  receiver  is  amplified  by  a  d-c  am-  resistant  cellophane  window  in  the 
radiation,  one  must  therefore  re-  plifier  sufficiently  to  give  full-scale  case  of  receivers  that  are  refrig- 
sort  to  a  simpler  phototube.  reading  on  a  high-quality  meter  on  erated  with  dry  ice  to  reduce  their 

The  principal  difficulty  resulting  about  25  to  50-millivolts  input.  At  dark  currents, 

from  the  use  of  a  conventional  pho-  this  gain,  the  shot-noise  of  the  dark  The  output  of  the  light-receiver 
totube  for  faint  light  arises  from  current  in  the  receiver  will  have  goes  first  to  the  VX-41  phase  in- 

the  extremely  high  impedance  of  an  amplitude  of  from  1  to  10  per-  verter  and  amplifier;  this  drives 

such  a  tube,  about  10“  to  10“  ohms,  cent  of  full  scale,  sufficient  for  good  the  main  d-c  amplifier.  It  also  fur- 

It  is  impossible,  by  simple  methods,  resolution,  and  therefore  for  maxi-  nishes  the  direct  feedback  voltage 

to  match  such  high  impedances  to  mum  sensitivity.  It  is  not  impos-  which  partly  neutralizes  input  ca- 

an  amplifier,  and  a  large  mismatch  sible  to  construct  a  photometer  pacitance  by  injection  via  the  pho- 

wi.l  result  in  a  serious  loss  of  sig-  which  will  give  maximum  system-  totube  voltage  supply.  The  degree 

nal-to-noise  ratio.  As  a  general  atic  errors  resulting  from  non-  of  neutralization  is  controlled  by 

rule,  a  convenient  indication  time  linearity  of  response  of  less  than  Ri.  The  capacitor  Ci  limits  the 

for  photoelectric  work  is  from  ten  0.1  percent  for  faint  illumination,  bandpass  of  the  feedback  amplifier 

to  thirty  seconds.  Since  the  mini-  As  a  rule,  the  amplifier  is  designed  to  prevent  unwanted  high-fre- 

mum  practical  input-circuit  capac-  to  drive  a  0  to  1  milliammeter,  and  quency  tube  noise  from  being  fed 

itance  for  a  phototube  photometer  thus  either  a  dial-type  meter  can  back.  Switch  Si  acts  inside  the 

is  about  10  “  farad,  it  follows  that  be  used  for  visual  reading  and  man-  evacuated  tank  for  grounding  the 

the  maximum  practical  amplifier  ual  recording  or  a  continuously  re-  input  grid,  and  for  selecting  either 

grid  resistor  is  5  x  10“  ohms,  which  cording  meter  such  as  the  Ester-  a  10“  or  a  10“  ohm  grid  resistor, 

is  much  too  small  for  a  good  match.  line-Angus  can  be  used.  depending  upon  sensitivity  require- 

If  the  grid  resistor  is  run  up  to,  say  Figure  5  shows  the  receiver  of  a  ments.  A  multiplier  receiver  (not 
10  ohms  to  get  a  much  better  of  a  multiplier-type  photometer  shown  in  the  circuit  diagram)  may 

match,  the  indication  time  will  rise  mounted  at  the  prime  focus  of  the  also  be  coupled  into  the  d-c  ampli- 

to  values  of  around  500  seconds  or  36-inch  Crossley  Reflector  of  the  fier  by  means  of  S,. 

more,  much  too  long  for  practical  Lick  Observatory.  The  coaxial  The  d-c  amplifier  itself  is  a  bal- 


August,  ELECTRONICS 


6X5  «400V 


9002 


,9002 


4- MOV 
*II4V 
t2.0V 


6AL5 


J,250 

VRI05 


25,000  i 

6j000 


I2AX7 


VRI05  - ioj 

T0  6AL5,9002’S  12  AX  7 
TO  900l’S 

■*  0  25  MEG  VX4I,, ,  30' 


I2AX7 


multiplier 

PHOTOTUBE 
— ©  INPUT 

,  100 
Kc.  meg 


84JOOO 


0015 


FIG.  6 — Circuit  of  aitronomical  light-recsiTer  and  d-c  ampliiiar  used  for  photometry, 
employing  either  a  conventional  gas-phototube  or  a  multiplier-phototube 


FIG.  5 — Multiplier-phototube  light-receiver 
attached  to  a  reflecting  telescope 


Yerkes  Observatory,  the  PbS  cell 
has  been  used  in  infrared  spectro- 
photometric  investigations  in¬ 
tended  to  reveal  the  composition  of 
the  markings  and  atmospheres  of 
some  of  the  planets.  In  the  hands 
of  A.  E.  Whitford,  the  PbS  cell  has 
seen  through  the  great  dust  clouds 
of  the  Milky  Way,  and  has  indi¬ 
cated  the  existence  and  position  of 
the  hitherto  unseen  bright  core  of 
the  galaxy. 


an  indication  time  of  10  seconds, 
convenient  for  most  photometry. 

The  phototube  used  in  the  pho¬ 
tometer  diagrammed  is  a  type  CE- 
25 A  B  without  base.  Such  photo¬ 
tubes  have  unusually  good  insula¬ 
tion  and  low  thermal  emission,  and 
it  is  not  uncommon  to  find  samples 
that  have  a  dark  current  at  70  F 
of  only  10  “  ampere.  Those  having 
higher  dark  currents  (up  to  10  “ 
ampere)  usually  have  relatively 
higher  infrared  sensitivity.  They 
cannot  be  used  without  bringing 
their  dark  current  down  by  refrig¬ 
eration  with  dry  ice.  When  refrig¬ 
erated,  the  dark  current  will  be  of 
the  order  of  10  "  ampere. 

Within  the  last  two  years,  a  lead- 
sulfide  (PbS)  photoconductive  cell 
has  been  brought  into  service  by 
astronomers.  Though  the  efficiency 
of  this  cell  is  less  than  that  of  the 
CsO-Ag-type  phototube  in  the  spec¬ 
tral  region  where  they  share  sen¬ 
sitivity,  the  sensitivity  of  the  PbS 
cell  extends  much  further  into  the 
infrared.  Some  samples  show  good 
sensitivity  at  30,000  angstrom 
units,  though  most  extend  little  be¬ 
yond  20,000.  Of  all  detectors  of  ra¬ 
diation,  the  lead-sulfide  cell  is  the 
most  sensitive  in  the  region  from 
12,000  to  25,000  angstroms.  It  has 
an  abnormally  high  noise  level  in 
the  very  low  frequencies,  so  it  is 
usually  employed  in  an  a-c  ampli¬ 
fier  circuit  in  the  frequency  range 
from  a  few  hundreds  to  a  few  thou¬ 
sands  of  cycles  per  second.  At  the 


anced  inverse-feedback  type,  with 
a  simple  power  supply,  made  pos¬ 
sible  by  the  insensitivity  of  the  am¬ 
plifier  to  variations  in  plate  voltage. 
The  heaters  of  the  amplifier  tubes 
must  be  supplied  from  a  constant- 
voltage  transformer,  or  from  a 
storage  battery,  unless  line  volt¬ 
age  is  free  from  variations  of  more 
than  2  volts.  The  input  grid  cur¬ 
rent  of  the  9001  stage  is  about  5  x 
10  “  ampere,  and  the  zero  drift 
after  proper  aging  of  the  tubes  is 
less  than  1  millivolt  per  hour.  The 
amplifier  is  sufficiently  free  from 
microphonics  that  tubes  need  not 
have  special  mounts,  and  may  be 
operated  on  a  table  on  which  a 
manual  adding  machine  is  being 
used,  with  no  zero  displacements. 
All  batteries  may  be  of  the  small¬ 
est  type,  as  the  largest  current 
drawn  from  any  of  them  is  only  10 
microamperes.  Gain  is  controlled 
by  varying  the  inverse-feedback 
factor  (giving  a  factor  of  10  in 
steps  of  0.25  magnitude),  varying 
load  resistors  (a  factor  of  10  for 
the  phototube,  100  for  the  multi¬ 
plier)  and  varying  the  phototube 
voltage  (another  factor  of  10  to  100 
for  the  phototube).  Thus,  for  both 
types  of  photometric  receivers,  the 
gain  may  be  varied  with  no  loss  of 
linearity  over  factors  of  greater 
than  1,000,  equivalent  to  7.5  stellar 
magnitudes.  The  capacitors  Cj,  C„ 
and  C,  establish  time-constants  of 
1.5  seconds  for  all  loading  condi¬ 
tions  of  the  multiplier.  This  gives 
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Oscillogranu  show  (l«ft)  npetitir*  signal  accompanied  by  noise;  (right)  signal  alter  noise  has  been  remoeed  by  storage  tube 


STORAGE  TUBES  are  the  latest  de¬ 
velopment  in  the  cathode-ray 
tube  family*.  They  perform  the 
general  function  of  storing  electri¬ 
cal  signals,  usually  written  in  the 
form  of  charges  on  an  insulating 
plate.  After  a  time  delay  the  tubes 
retransmit  or  read  out  these 
charges  in  the  form  of  electrical 
signals. 

A  cathode-ray  storage  tube  has 
been  developed  that  possesses  in¬ 
ternal  memory  and  is  also  able  to 
act  as  a  discriminator  between 
periodically  recurring  and  new  in¬ 
formation.  The  operating  prin¬ 
ciple,  performance  and  application 
of  this  new  tube  are  described. 


By  HANS  KLEMPERER  and 
J.  T.  deBETTENCOURT 


Raytheon  Manufacturing  Company 
Waltham,  Maas. 


electrons  are  accepted  by  the  stor-  Efficient  storage  depends  largely 
age  plate.  upon  establishing  a  large  difference 

If  the  beam  velocity  is  increased  in  potential  between  the  written 
beyond  the  lower  critical  speed  trace  and  the  surrounding  surface. 
(8  >  1)  conditions  are  changed. 

More  electron's  leave  the  bombarded 
surface  than  are  arriving,  and  equi¬ 
librium  therefore  is  reached  at  a 
voltage  that  is  positive  with  respect 
to  anode  or  collector.  Various  cur¬ 
rent  components  involved  in  the 
action  are  sketched  in  Fig.  IB.  The  • 
incident  (primary)  electron  beam 
is  denoted  by  i,.  The  resulting  sec¬ 
ondary  emission  is  divided  into  two 
parts;  ij  denotes  the  electrons  that 
leave  the  spot  for  the  collector  or 
anode,  and  i,  are 'those  which  are 
emitted  but  which  return  to  the 
same  spot,  thus  forming  a  space 
charge  around  it.  In  addition  there 
is  it,  the  small  leakage  current 
through  the  target  material.  Figure 
2  shows  the  equivalent  circuit. 

If  the  tube  is  operated  at  the 
condition  8  =  1,  the  equilibrium 
potential  of  the  beam  trace  on  the 
storage  surface  is  governed  by  the 
potential  of  the  collector  grid.  This 
configuration  is  typical  for  this 
type  of  storage  tube. 


Negative  Bias  of  Storage  Plate 

Sensitivity  is  considerably  im¬ 
proved  by  applying  to  the  storage 
surface  a  high  negative  bias.  (Bias 
potentials  have  been  successfully 
applied  to  the  Iconoscope  in  tele¬ 
vision  work*).  The  storage  surface 
can  be  raised  to  a  negative  potential 
by  low-velocity  electron  bombard¬ 
ment  from  the  front,  or  more  effec¬ 
tively  by  connecting  a  conductive 
backing  of  the  storage  plate  to  an 
external  negative  source.  If  the 
cathode  potential  is  1,600  volts  neg¬ 
ative  with  respect  to  ground  (col¬ 
lector  or  second  anode) ,  the  storage 
plate  or  repeller  electrode  in  back 
if  it  may  be  biased  to  —1,000  volts. 
The  beam  still  hits  the  storage  sur¬ 
face  above  critical  speed,  therefore 
the  trace  becomes  slightly  positive 
with  respect  to  the  collector.  The 
potential  difference  between  trace 
(at  equilibrium)  and  surrounding 
surface,  however,  is  raised  to  the 
order  of  1,000  yolts.  Experiment- 


Storage  Plate  and  Repeller 

Internal  operation  of  storage 
tubes  frequently  depends  on  sec¬ 
ondary  emission.  If  a  solid  body  is 
struck  by  electrons  the  average 
number  of  secondary  electrons  lib¬ 
erated  by  each  incident  primary 
electron  is,  for  a  given  material,  a 
function  of  the  beam  voltage.  The 
secondary  emission  coefficient  8  is 
larger  than  unity  only  for  voltages 
in  a  critical  range.  Thus,  if  an 
insulator,  acting  as  storage  plate 
in  a  tube  arranged  as  in  Fig.  lA,  is 
struck  by  an  electron  beam  of  lower 
than  critical  voltage,  it  will  be 
charged  to  a  negative  equilibrium 
close  to  cathode  potential.  This 
equilibrium  is  reached  when  the 
target  point  is  charged  to  a  poten¬ 
tial  corresponding  to  the  beam 
velocity.  After  that  potential  has 
been  reached  the  beam  is  repelled 
toward  the  collector;  no  further 
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FIG.  1 — Arrangement  oi  cathode-ray  repeller-type  signal  storage  tube  (A)  and  details  ol  storage  plate  and  electron  paths  (B) 


STORAGE  TUBE 


Principle  of  operation  and  characteristics  of  a  memory  tube  utilizing  secondary  emission 
from  a  bombarded  insulator  are  described.  Bias  on  repeller  electrode  behind  storage  plate 
increases  available  output.  Using  tube  in  receiver  improves  signal-noise  ratio 


the  charges  are  written  by  deflec¬ 
tion  of  the  beam  or  by  intensity 
modulation.  The  first  scan  or  group 
of  scans  writes  down  the  intel- 
The  mechanism  has  been  de-  ligence.  Usually,  during  this  writ- 

scribed  by  which  a  positive  signal  ing  period  the  output  amplifier  is 

is  produced  at  the  collector  grid  of  disconnected  or  gated  off.  As  long 
the  repeller  storage  tube  whenever  as  any  successive  trace  is  exactly 


ally,  the  repeller  bias  increases  the  apt  to  cancel  each  other  and  the 
signal  output  from  microvolts  to  tube  ceases  to  operate, 
millivolts. 

The  action  of  the  repeller  is  two¬ 
fold:  It  increases  the  potential  dif¬ 
ference  between  trace  and  back¬ 
ground;  in  addition  it  provides  a 
parallel  dielectric  path  between  the 
storage  surface-  and  the  collector 
grid.  This,  of  course,  presupposes 
a  free-swinging  repeller  (high 
ground  impedance).  Under  proper 
conditions,  this  positive  signal  is  by 
far  greater  than  the  negative  sig¬ 
nal  which  is  caused  by  direct  action 
of  secondaries  on  the  collector. 

A  negative  output  signal,  as 
sometimes  observed  in  operation  of 
this  tube,  indicates  that  the  beam 
stays  on  the  spot  after  the  equilib¬ 
rium  charge  has  been  reached.  At 
that  time  displacement  currents 
have  subsided,  while  the  seconda¬ 
ries  continue  to  arrive  at  the  col¬ 
lector.  Thus,  a  negative  signal  is 
an  indication  of  too  high  a  beam 
intensity.  If  the  impeller  ground 
impedance  is  low  the  positive  signal 
is  by-passed  to  ground  and  weak¬ 
ened.  In  this  case,  positive  and 
negative  signals  at  the  collector  are 


Tube  as  a  Cancellation  Device 


CAPACITANCE  AND  RESISTANCE 
BETWEEN  STORAGE  ELEMENT^ 
AND  REPELLER 


INCIDENT 
EL ECTRONS 


TUBE 

ENVELOPE 


CAPACITANCE  TO  COLLECTOR 


EQUILIBRIUM  CHARGE  DUE  TO 
INITIAL  VELOCITY  OF  SECONDARY 
ELECTRONS  - 
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VIDEO 

AMPLIFIER 


FIG.  2 — Equivalent  circuit  oi  storage  mechanism:  labels  oi  junctures  and  electron 
streams  correspond  to  those  on  Fig.  IB 
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9cannins^  the  pattern  already  the  followinsT  conditions:  sweep 
tablished  there  is  no  change  in  repetition  rate ;  1,000  per  sec,  hori- 
arge  and  therefore  no  output  zontal  deflection  speed:  0.1  cm  per 
pnal.  This  assumes  that  the  microsecond,  beam  voltage:  —1,600 

evious  trace  was  written  with  volts  referred  to  second  anode 

turation  intensity  and  no  charges  (ground),  repeller  voltage:  —900 
ive  leaked  off  during  the  time  be-  volts,  intensity  of  writing  beam : 

?een  scans.  Wherever  a  trace  8  microamperes,  storage  plate: 

sviates  from  the  preceding  pat-  lime  glass  at  room  temperature, 
m  there  will  be  a  change  in  In  this  application  the  amplitude 
large  distribution,  and  an  output  ratios  of  moving  to  fixed  signal  are 

gnal  will  show.  Therefore,  if  in-  compared  for  input  and  output  and 
irmation  is  periodically  supplied  sometimes  expressed  in  decibels  as 
)  the  storage  tube,  the  tube  will  the  so-called  cancellation  ratio.  For 
utomatically  compare  successive  instance,  if,  for  a  100:1  ratio  of 
races  and  will  transfer  to  the  out-  input  signals  the  output  amplitudes 
ut  amplifier  only  such  signals  that  are  equal,  the  tube  is  rated  as  hav- 
id  not  appear  previously.  ing  40  decibels  of  cancellation.  Can- 

If  deflection  modulation  is  used,  cellations  of  that  order  are  obtained 
he  writing  speed  of  the  beam  de-  in  the  laboratory,  but  to  strive  for 
ends  on  the  amplitude  of  the  input  high  cancellation  ratio  is  a  little 
ignals.  Therefore,  with  beam  cur-  premature  at  a  time  when  cancella- 
ent  remaining  constant  the  charge  tion  of  actually  fixed  signals  is  just 
lensity  of  the  trace  decreases  with  one  of  the  many  applications  of  the 
ate  of  amplitude  change  of  the  storage  tube. 

lignal.  Hence,  such  parts  of  the  The  tube  described  so  far  relies 
race  that  were  written  at  a  high  on  natural  leakage  across  the  stor- 
ipeed  may  not  reach  equilibrium  age  plate  to  remove  trace  charges 
mtil  after  a  number  of  retraces,  after  usage.  Obviously,  when  the 
\s  a  result,  differentiation  spikes  forgetting  process  depends  on  leak- 
ippear  in  the  output.  These  resid-  age  through  the  storage  plate  no 
ual  indications  are  substantially  sharp  line  of  distinction  can  be 
reduced  by  applying  a  beam  inten-  drawn  between  new  and  old  infor- 
sifier  circuit.  A  fraction  of  the  mation.  The  output  signal  of  a 
input  is  differentiated,  amplified  repeating  trace  will  depend  on  the 
and  supplied  to  the  intensity-con-  time  that  has  passed  since  its  last 
trol  electrode  of  the  storage  tube,  notation  in  the  same  exponential 
while  that  part  of  the  signal  which  manner' as  the  stored  signals  dis- 
goes  to  the  input  deflection  plates  appear.  For  some  applications 
of  the  storage  tube  is  delayed  to  this  is  not  a  serious  limitation  be- 
compensate  for  the  delay  of  the  dif-  cause  the  time  constant  of  the  stor- 
ferentiated  signal  in  tubes  and  age  plate  can  be  adjusted  (by 
circuit  elements.  Due  to  some  im-  choice  of  material  or  temperature) 
perfections  in  the  tube  such  as  ca-  to  fit  the  specific  needs.  However, 
pacitive  pickup,  inhomogenity  of  the  tube  is  more  universally  useful 
the  beam  cross  section  or  secondary  if  it  is  provided  with  a  memory 
emission  from  collector  or  other  that  is  free  from  leakage  and  that 
elements,  some  residuals  from  in-  can  be  destroyed  or  wiped  out  sud- 
completely  cancelled  signals  are  denly.  Present  developments  in 
nevertheless  always  found  in  the  that  direction  trend  toward  holding 
output.  and  destroying  charges  in  storage 

Oscillograms  of  input  and  output  tubes.* 
signals  of  the  repeller  storage  tube 

show  the  effectiveness  of  this  ac-  Applications  of  Storage 

tion.  The  input  signal  is  taken  The  storage  tube  is  applicable  to 
from  a  fur  generator,  which  is  a  a  variety  of  problems,  a  few  of 
device  that  produces  moving  and  which  will  be  described  by  way  of 
stationary  signals.  The  output  illustrations.  As  a  cancellation  unit 
oscillogram  shows  the  moving  sig-  the  storage  tube  can  be  used  to 
nals,  passed  at  a  large  amplitude,  obtain  records  of  nonrepeating 
w’hile  the  stationary  signals  are  transients  such  as  lightning  and 
almost  completely  cancelled.  The  ,arc-backs  without  the  need  for  con- 
storage  tube  was  operated  under  'tinuously  exposing  film.  Similarly 


the  tube  can  be  used  to  compress  or 
expand  the  rate  of  information 
transmission  by  reading  out  stored 
information  at  a  different  speed 
than  information  is  read  in.  In  this 
capacity,  the  tube  can  be  used  in 
communication  systems  to  adapt 
the  rate  of  incoming  information 
to  the  capabilities  of  the  transmis¬ 
sion  channel.  Other  applications 
have  also  been  described.* 

The  repeller  storage  tube  is  also 
applicable  as  a  means  to  raise  pe¬ 
riodically  recurring  weak  signals 
above  the  noise  level,  as  discussed 
in  connection  with  the  oscillograms. 
The  tube  is  intensity  modulated 
and  the  average  recording  beam 
intensity  is  adjusted  so  that  sev¬ 
eral  successive  traces  are  needed 
to  produce  saturation  of  the  trace. 
Because  the  random  noise  adds  on 
a  power  basis  while  the  recurring 
signal  adds  on  a  voltage  basis,  a 
theoretical  gain  of  10*'*  in  signal 
noise  ratio  is  obtained  in  reading 
out  a  trace  made  for  10  individual 
recordings.  Thus,  the  storage  tube 
is  a  useful  addition  to  the  cathode- 
ray  tube  family. 
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Reducing 

Transmission  Bandwidth 

\ 


Pulse  systems  that  reduce  the  transmitted  bandwidth  are  described.  Pulse  trains  for  two 
channels  are  superiniposed  and  transmitted  as  one  train  at  half  the  Original  rate;  then 
separated  at  receiver.  Reduction  obtainable  in  system  is  compared  to  ideal  reduction 
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Communication  engineering 
has  recently  witnessed  a  rapid 
expansion  of  the  theory  of  intelli¬ 
gence  transmission  as  related  to  the 
information  content  of  the  message, 
signal-noise  ratio,  and  bandwidth. 
The  Hartley’  law  has  been  revised, 
especially  by  Shannon*  to  the  form 
C  =  Wlog  b{P  +  N)/N  (1) 

where  C  is  the  transmission  capac¬ 
ity  of  an  ideal  system,  W  is  the 
product  of  the  bandwidth  and  time 
that  is  utilized  for  the  transmission, 
B  is  a  base  depending  on  the  pulse 
coding  system  (2  for  a  binary 
code) ,  P  is  the  average  signal  power 
used,  and  N  is  the  average  noise 
power  in  the  transmission  medium. 
Shannon,*  Tuller,*  and  Gabor*  have 
indicated  that  transmission  systems 
might  be  devised  in  which  the 
transmitted  bandwidth  would  be 
less  than  that  of  the  input  message. 

Bandwidth  Reduction 

Equation  1  shows  that  bandwidth 
can  be  traded  for  either  power  or 
signal-noise  ratio,  the  trade  being 
proportional  to  the  logarithm  of  the 
signal-noise  ratio  plus  unity.  An 
ideal  transmission  system  utilizing 
power  P,  and  a  bandwidth-time  fac¬ 
tor  W  can  be  altered  to  transmit  a 
bandwidth  1/n  times  the  original 
bandwidth  in  the  same  time  inter¬ 
val  provided  that  a  new  power  P* 
is  utilized  and  is  related  to  Pi  and 
the  original  noise  power  Ni  by 

'’■-T 

where  it  is  assumed  that  the  orig¬ 
inal  noise  power  is  reduced  propor¬ 


tionally  to  the  reduction  in  band¬ 
width. 

Equation  2  shows  that  bandwidth 
reduction  is  relatively  expensive  of 
power.  However,  there  are  many 
cases  in  which  the  signal-noise 
ratios  are  high;  for  example,  short 
cable  systems  and  certain  pulse 
and  frequency-modulation  systems. 
Even  the  usual  point-to-point  radio 
relay  systems  operate  with  high 
signal-noise  ratios  during  a  part  of 
each  day,  and  it  may  be  desirable  to 
reduce  bandwidths  at  the  expense  of 
signal-noise  ratio  during  such  times 
to  accommodate  more  channels. 

Combining  Channels 

Figure  1  shows  the  schematic  dia¬ 
gram  of  a  simple  bandwidth  reduc¬ 
tion  transmission  system  based  on 
the  coding  together  of  a  pair  of 
input  message  signals,  called  Chan¬ 
nel  1  and  Channel  2.  The  coding 
is  accomplished  by  the  Transmit¬ 
ter  in  such  a  way  that  the  same 
bandwidth  is  used  for  transmitting 
both  signals  simultaneously  as 
would  be  required  for  transmitting 
either  one  alone  by  conventional 
means.  A  stage-by-stage  descrip¬ 
tion  of  the  circuit  operation  will 
show  how  this  result  can  be  done. 

The  input  wave  from  channel  1 
is  sampled  by-GATE  1,  driven  from 
one  side  of  the  Sampling  Multivi¬ 
brator.  This  sampling  is  done  at  a 
frequency  that  is  slightly  higher 
than  twice  the  highest  frequency 
present  in  the  message  signal. 
After  power  and  voltage  amplifica¬ 
tion  in  the  Amplifier  the  sampled 


wave  is  quantized  into  one  of  five 
levels  by  the  Quantizer. 

The  quantizer  shown  in  the  cir¬ 
cuit  consists  of  a  group  of  four 
neon  lamps  arranged  so  that  in¬ 
creasing  voltage  input  to  the  quan¬ 
tizer  fires  increasing  numbers  of 
lamps,  thus  delivering  increasing 
voltages  to  the  load  i2,.  The  output 
voltage  increases  in  discrete  steps 
as  additional  lamps  fire.  If  indi¬ 
vidual  lamps  fire  at  an  increment  of 
40  volts  and  R.  =  Rt,  the  quantized 
output  to  the  Delay  Gate  will  be  0, 
20,  40,  60,  or  80  volts,  depending  on 
the  amplitude  of  the  input  signal. 
Resistors  R,  should  be  much  larger 
than  resistor  R,  in  order  to  obtain 
sharply  quantized  signals. 

If  a  greater  number  of  quan¬ 
tizing  levels  is  required  to  obtain 
the  necessary  fidelity  of  reproduc¬ 
tion,  the  number  of  levels  may  be 
increased  by  using  reiterative  sec¬ 
tions  in  the  neon-lamp  network  and 
providing  a  correspondingly  larger 
voltage  from  the  driving  amplifier. 
Other  quantizers  have  been  de¬ 
scribed  by  Meacham  and  Peterson,* 
Reeves,*  Goodall,*  and  Rainey.* 

The  quantized  output  charges  the 
input  capacitor  in  the  delay  gate  by 
an  amount  proportional  to  the  quan¬ 
tized  amplitude  of  the  message  sig¬ 
nal.  However  the  delay  gate  does 
not  pass  this  signal  immediately  be¬ 
cause  it  is  cut  off  by  its  bias. 

While  this  sequence  of  operations 
has  been  proceeding,  Gate  2  has 
sampled  the  signal  from  Channel  2. 
The  sampled  output  is  inverted  in 
the  Equalizing  Amplifier  and  fed 
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FIG.  1 — Blocks  show  basic  sequence  in  combining  channels;  detailed  circuits  indicate  how  operations  con  be  performed 


tizer  is  passed,  with  positive  polar- 
ity»  to  a  Mixer.  Simultaneously,  an 
unquantized  signal  is  reduced  in 
the  Divider  by  the  same  factor 
used  in  the  multiplier  of  the  trans¬ 
mitter,  changed  in  polarity  by  the 
Inverter,  and  fed  to  the  mixer. 

The  quantized  and  the  divided 
signals  are  subtracted  in  the  mixer, 
giving  the  difference  signal  as  the 
output  across  its  cathode  resistor. 
This  signal  is  that  of  channel  2; 
the  signal  for  channel  1  is  obtained, 
within  the  accuracy  of  quantization, 
from  the  inverter  cathode.  Equal¬ 
izing  Amplifiers  feeding  Low- 
Pass  Filters  to  remove  components 
of  the  sampling  frequency  complete 
the  receiver.  However,  if  the  sys¬ 
tem  is  used  to  obtain  high  fidelity 
for  a  single  channel  that  has  been 
separated  into  two  portions,  a  de- 
lay-gate  synchronized  with  the  in¬ 
coming  pulses  is  needed  to  inter¬ 
leave  the  signals  properly,  and  a 
heterodyne  to  translate  the  high- 
frequency  portion  back  to  its  orig¬ 
inal  spectrum. 

In  the  particular  encoding 
method  described,  one  of  the  pulse 
signals  is  transmitted  at  a  higher 


The  pulse-amplitude  modulated 
trains  at  the  mixer  grids  are  in 
proper  polarity  and  time  relation 
to  be  combined  into  a  single  pulse 
train  having  a  repetition  frequency 
equal  to  that  of  the  sampling  multi¬ 
vibrator.  In  this  way  the  pulse  rate 
required  to  transmit  one  channel 
is  made  adequate  to  transmit  two 
or  even  more  channels  added  into 
the  same  train. 

A  further  feature  of  this  system 
is  that,  when  transmitting  a  high- 
fidelity  signal  having  frequencies 
which  are  twice  those  capable  of 
being  transmitted,  the  signal  can 
be  separated  into  high  and  low-fre¬ 
quency  portions,  the  high-frequency 
portion  heterodyned  down,  and  the 
two  resulting  portions  fed  in  as 
channels  1  and  2.  The  signal  will 
then  be  transmitted  in  half  its 
original  bandwidth. 


to  the  other  input  of  the  Mixer. 

Because  the  sampling  of  the  two 
channels  is  controlled  from  opposite 
plates  of  the  multivibrator,  the 
sampled  signals  will  be  interleaved 
in  time.  The  object  of  this  system  of 
modulation  is  to  transmit  one  pulse 
instead  of  two.  Therefore  the  sam¬ 
pling  square  wave  for  channel  2  is 
used  to  actuate  the  delay  gate  at 
the  same  time  that  channel  2  is 
sampled.  The  output  of  the  delay 
gate  is  then  passed  to  the  Multi¬ 
plier,  where  the  signal  level  is 
raised  to  2A'  times  the  level  of  the 
channel-2  signal  appearing  at  the 
mixer  grid,  where  K  is  the  number 
of  quantizing  levels  for  channel  1, 
which  is  5  in  this  case. 

An  Eraser  is  provided  to  remove 
the  charge  on  the  delay-gate  capac¬ 
itor  after  its  signal  has  been  passed 
to  the  multiplier.  The  erasing  cir¬ 
cuit  consists  of  an  amplifier  pro¬ 
vided  with  a  differentiating  input 
coupling.  The  square  wave  from  the 
multivibrator  acts  through  the  eras¬ 
ing  circuit  to  produce  a  very  short, 
high-amplitude,  positive  pulse  on 
the  grid  of  the  delay  gate  that  al¬ 
lows  the  capacitor  to  discharge. 


Receiver  Separates  Channels 

The  Receiver  first  amplifies  the 
signal  from  the  line  in  its  Line 
Amplifier  to  a  level  suitable  for 
operating  its  Quantizer,  which  is 
the  same  as  the  one  in  the  trans¬ 
mitter.  The  output  from  the  quan¬ 
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power  level  than  the  other.  This 
difference  leads  to  widely  differing 
signal-noise  ratios  for  the  two  chan¬ 
nels. 

It  is  assumed  that  only  white 
noise  affects  the  transmission  path. 
That  is,  impulse  noise  is  disre¬ 
garded  and  only  that  noise  having  a 
uniform  amplitude  across  the  fre¬ 
quency  spectrum  is  considered. 

Assume  that  the  average  noise 
voltage  at  the  receiver  is  Es,  that 
the  number  of  quantizing  levels  is 
K  and  that  the  voltage  levels  of 
quantization  at  the  transmitter  are 
El  and  Et  for  the  two  pulse  trains 
coded  together.  In  other  words,  the 
pulse  train  from  the  delay  gate  of 
the  transmitter  may  have  any  of 
the  voltage  levels  mEi  where  m  = 
1,  2,  3,  4,  .  .  .  K,  while  the  pulse 
train  from  channel  2  may  be  con¬ 
sidered  to  have  any  of  the  levels 
mE,  even  though  this  channel  is 
not  quantized.  Also  assume  that 
the  gain  in  the  multiplier  is  exactly 
2K  so  that  Et  =  2KE,. 

Signals  from  the  transmitter  may 
be  assumed  to  suffer  a  transmission 
loss  represented  by  multiplication 
by  a  small  factor  L. 

Under  these  conditions  the  re¬ 
ceiver  will  see  a  composite  signal 
consisting  of  two  levels  of  quan¬ 
tization  LmEt  and  2KLmE,,  and 
also  Ek.  The  respective  quantizing 
steps  for  the  composite  signals  are 
then  LEt  and  2KLEt.  For  both  these 
signals  to  be  recognizable  LE.  must 
be  greater  than  Es.  If  it  is  only 
required  to  recognize  the  output 
of  the  stronger  channel  (channel  1), 
the  requirement  is  reduced  to 
2KLEt  >  Ea.  That  is,  with  two 
separate  signals  encoded  at  the 
transmitter  into  a  single  pulse 
train,  the  signal-noise  ratio  must 
be  2K  times  as  great  if  both  chan¬ 
nels  are  to  be  recognized  as  if  only 
the  stronger  channel  is  required. 
Expressed  in  decibels,  the  signal- 
noise  ratio  must  be  201og,„2fiL  in 
order  to  use  this  particular  method 
of  bandwidth  reduction.  If  we  as¬ 
sume  the  noise  to  remain  constant, 
the  transmitter  output  voltage  must 
be  raised  2K  times.  However,  if 
the  signal-noise  ratio  was  higher 
than  required  before  the  bandwidth 
was  reduced,  no  more  power  may  be 
needed. 

Equation  2  states  that,  in  an 
ideal  transmission  system,  the 


power  must  be  increased  by  a  factor 
1  +  Pt/2N  where  P,  is  the  original 
power,  in  order  to  halve  the  bahd- 
width-time  product.  This  is  a 
power  increase  of  201ogu,(l  + 
Pi/2N)  decibels.  The  power  increase 
for  the  actual  system  just  described 
is  considerably  greater  than  that 
required  in  the  ideal  case. 

The  system  of  Fig.  1  is  more  effi¬ 
cient  for  signals  requiring  only  a 
few  quantized  levels  insofar  as  the 
power-bandwidth  trade  is  con¬ 
cerned.  If  30  quantizing  levels  are 
required,  as  for  speech,  then  the 
signal-noise  power  ratio  must  be 
increased  by  30  db;  10  levels  would 
require  a  26-db  increase,  5  require 
20,  3  require  10,  and  2  levels  would 
require  only  6-db  increase.  These 
increases  of  signal-noise  ratio  are, 
for  the  most  part,  capable  of  reali¬ 
zation  on  nearly  all  communication 
circuits  without  undue  cost  and 
may  be  present  part  of  the  time. 

Alternative  Methods 

Other  arrangements  can  be  made 
that  accomplish  the  same  result. 
For  example,  two  conventional  and 
identical  pulse-code  modulators  can 
be  actuated  by  a  common  timing 
generator  to  insure  simultaneous 
pulse  outputs.  The  output  of  one 
modulator  is  amplified  by  the  fac¬ 
tor  K  and  then  additively  combined 
with  the  output  of  the  other  modu¬ 
lator.  Again  the  system  transmits 
two  channels  in  a  bandwidth  nor¬ 
mally  required  for  one;  as  many 
quantizing  levels  and  as  high  a  fi¬ 
delity  as  are  required  can  be  used. 

\i  K  =  \  +  e  where  e  is  any  posi¬ 
tive  number,  then,  at  the  receiver, 
pulses  of  Eft  (channel  2)  must  be 
distinguished  from  pulses  of 
(l+e)F*  (channel  1)  In  order  to 
decode  both  channels.  If  Eg  is  the 
average  noise  amplitude,  then 


FIG.  2 — Multivibrator  acti  as  quantizer 


eE,  >  Et  in  order  to  distinguish 
signals  from  noise.  If  the  pcm  chan¬ 
nel  was  working  satisfactorily  be¬ 
fore  the  second  channel  was  added, 
then  making  ^  =  1  should  leave  the 
signal-noise  ratio  the  same.  Mak¬ 
ing  e  —  1  means  doubling  the  volt¬ 
age  of  the  pulses  from  one  modu¬ 
lator.  Adding  the  double  voltage  to 
the  other  channel  gives  transmitted 
pulses  three  times  the  original  am¬ 
plitude,  requiring  9  times  the  peak 
power  (9.5-db  increase).  This  in¬ 
crease  is  independent  of  the  num¬ 
ber  of  quantizing  levels  and  hence 
is  more  efficient  in  trading  power 
for  bandwidth  for  large  numbers 
of  quantizing  levels  than  the  sys¬ 
tem  of  Fig.  1. 

Other  circuit  techniques  can  also 
be  used.  When  many  quantizing 
levels  are  required  the  positive- 
grid-counting  multivibrator  of  Fig. 
2  can  be  used.“  It  would  be  con¬ 
nected  into  the  circuit  of  Fig.  1  at 
the  points  indicated,  replacing  the 
gas-tube  quantizer.  The  output  of 
gate  1  frequency  modulates  the 
counting  multivibrator  during  the 
'sampling  of  channel  1,  thus  caus¬ 
ing  an  integral  number  of  sharp 
pulses  to  be  delivered  to  the  capac¬ 
itor  in  the  delay  gate  proportionate 
to  the  amplitude  of  the  input  signal. 
The  counting  multivibrator  can  be 
made  linear  over  a  6:1  frequency 
range  and  can  be  used  to  quantize 
as  many  as  500  levels.  Center  fre¬ 
quency  of  the  multivibrator  is  ad¬ 
justed  by  the  potentiometer. 
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Picture-Modulated 


Senior  Development  Engineer 
Hateltine  Electronics  Corp. 
Little  Neck,  New  York 


This  paper  describes  the  de¬ 
sign  features  and^  performance 
characteristics  of  a  signal  gener¬ 
ator,  uniquely  suited  for  television 
receiver  measurements  in  that  it 
is  capable  of  providing  a  signal  of 
known  amplitude  on  one  of  the 
twelve  commercially  allocated  chan¬ 
nels  and  is  capable  of  being  fully 
modulated  by  a  standard  RMA 
composite  video  signal.  The  pic¬ 
ture-modulated  generator  can  be 
used  by  television  receiver  manu¬ 
facturers  far  removed  from  tele¬ 
vision  broadcasting  stations  to  test 
production  receivers  with  picture 
signals  free  from  noise,  ghosts,  and 
interference. 

The  block  diagram  of  the  genera-* 
tor  in  Fig.  1  shows  the  following 
stages : 

(1)  A  video  amplifier  section 
whose  function  is  to  amplify  a 
small  video  signal  so  that  it  has 
sufficient  amplitude  and  proper  po¬ 
larity  to  operate  the  modulator. 
Multiple  inputs  have  been  provided 
to  enable  rapid  selection  of  any  one 
of  three  different  video  signals.  The 
amplifier  also  provides  a  mixing 
channel  so  that  synchronizing  sig¬ 
nals  may  be  added  to  one  or  all  of 
the  video  waves  or  two  video  waves 
may  be  added  together  for  a  com¬ 
posite  display. 

(2)  The  modulator  which  in¬ 
serts  the  video  intelligence  on  the 
r-f  carrier  in  the  approved  fashion; 
that  is,  zero  carrier  corresponding 
to  100-percent  modulation  of  white 
signals. 

(3)  The  crystal  controlled  r-f 
oscillator  which  generates  an  un¬ 
modulated  signal  and  precisely  de¬ 
termines  the  picture  carrier  fre¬ 
quency. 

(4)  The  multiplier  chain  which 
multiplies  the  oscillator  frequency 
up  to  the  actual  picture  carrier  fre¬ 
quency. 

(5)  The  power  amplifier  to  am¬ 
plify  the  modulated  carrier  and 


Control  panel  oi  the  inetriunent  and  its  power  supply 


tubes  also  have  individual  gain 
controls,  the  modulation  depth  and 
black  level  for  each  video  signal 
can  be  preset,  and  pictures 
switched  readily  without  further 
adjustment  of  any  operating  con¬ 
trols. 

The  two  video  stages  are  com¬ 
pensated  by  a  modification  of 
simple  shunt  peaking^  to  insure 
uniform  high-frequency  gain  to  be¬ 
yond  4.5  me.  The  low-frequency 
response  of  the  amplifier  is  suffi¬ 
cient  to  transmit  the  vertical  re¬ 
trace  region  of  the  video  wave  with 
less  than  two-percent  droop. 

A  parallel  resonant  cathode  trap 
is  included  in  the  cathode  circuit  of 
Fe  and  is  tuned  to  4.5  me  to  attenu¬ 
ate  the  4.5-mc  video  components 
which  might  otherwise  appear  in 
the  sound  channel  and  would  result 
in  undesired  interference  in  the  re¬ 
ceiver  output.  The  cathode  trap 
causes  a  discontinuity  in  the  ampli¬ 
tude  and  phase  characteristic  of 
the  video  amplifier;  since  this  is 
similar  to  that  introduced  at  the 
television  transmitter  or  at  the  re¬ 
ceiver,  it  produces  no  unusual  dis¬ 
tortion. 

The  type  of  gain  control  indi¬ 
cated  was  chosen  with  regard  to  the 
nature  of  the  video  signal  desired. 
Where  pulse-type  signals,  those  un¬ 
affected  by  amplitude  nonlinearity 
distortion,  are  used  a  screen  grid 
voltage  control  is  specified.  This 


couple  to  the  attenuator. 

(6)  The  mutual  inductance  at¬ 
tenuator  which  provides  continu¬ 
ously  variable  output  from  6  db 
below  one  volt  (0.5  volt)  to  below 
120  db  below  one  volt  (1  micro¬ 
volt)  . 

(7)  The  output  matching  box 
which  incorporates  the  terminating 
resistors  and  attenuator  level-indi¬ 
cating  crystal. 

(8)  The  metering  circuit,  used 
to  measure  the  rectified  attenuator 
output  and  calibrate  the  attenuator. 

Simplified  circuit  diagrams  of 
the  picture-modulated  generator 
sections  and  power  supply  are 
shown  in  Fig.  2  to  6. 

Video  Circuit 

The  video  sections,  1\.,  V3,  V,,  V%, 
and  F«  of  Fig.  2  consists  fundamen¬ 
tally  of  two  video  amplifier  stages. 
The  selector  switch  Si  setting  de¬ 
termines  which  of  the  three  first 
video  amplifier  stages  F3,  F,,  or  F^, 
are  connected  through  to  the  second 
video  amplifier  stage  F„.  An  addi¬ 
tional  tube  Fj  is  included  to  enable 
the  adding  of  synchronizing  pulses 
or  an  additional  video  signal  to  the 
others,  if  desired. 

The  selector  switch  setting  also 
determines  which  gain  control 
potentiometer  Ri.,  R13,  or  Ru,  is 
effective  in  altering  the  transcon¬ 
ductance  of  the  sync  amplifier,  Fj. 
Since  each  of  the  four  first  amplifier 
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Circuit  data  and  performance  characteristics  of  a  signal  source  for '  production  testing 
of  receivers  at  points  remote  from  telecasting  stations.  A  mixing  pad  permits  the  com¬ 
bination  of  picture,  sound  and  noise  signals  to  simulate  actual  conditions 


control  enables  a  large  range  of 
input  signals  to  be  employed.  How¬ 
ever,  with  signals  where  the  linear¬ 
ity  of  the  video  amplifier  must  be 
maintained,  the  degenerative  cath¬ 
ode  resistor  type  of  control  is  indi¬ 
cated.  This  type  of  gain  control  has 
limited  control  capabilities  because 
of  circuit  capacitances  and  required 
bandwidth,  in  this  case  about  10 
db  of  control. 

Maximum  gain  of  video  amplifier 
channels  2  and  3  containing  F,  and 
Vt,  is  approximately  23  db  (14 
times)  whereas  the  maximum  gain 
of  the  other  channels  is  about  29  db 
(28  times).  Thus  for  channels  2 
and  3  a  minimum  signal  of  about 
0.4  volt  peak  to  peak  is  required 
fully  to  cut  off  the  modulator  tube. 

The  input  impedance  of  the 
amplifier  channels  was  made  high 
so  that  the  picture-modulated  gen¬ 
erator  might  be  connected  to  a 
terminated  line  without  causing 
appreciable  loading.  This  makes 
easier  multiple  operation  of  gener¬ 
ators  from  a  single  line. 

Modulator  Circuit 

The  output  of  the  video  amplifier 
connects  to  the  suppressor  grid  of 
the  6AS6  modulator  tube  V,  shown 
in  Fig.  3.  The  r-f  signal  is  im¬ 
pressed  on  the  control  grid  and  the 
modulated  energy  appears  in  the 
plate  circuit.  The  6AS6  tube  is 
specially  designed  for  mixer  or 
modulator  service  in  that  the  grid- 
plate  transconductance  is  capable 
of  control  by  the  suppressor- 
cathode  potential  in  a  manner 
which  is  reproducible  from  tube  to 
tube.  A  d-c  restorer  diode  F,  con¬ 
nected  to  the  suppressor  insures 
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FIG.  1 — Block  diagram  of  picture-modulated  generator 
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that  the  synchronizing  signal  peaks 
are  held  at  zero  potential  as  illus¬ 
trated  in  Fig.  7. 

The  video  polarity  on  the  sup¬ 
pressor  grid  of  the  modulator  tube 
is  such  that  sync  tips  produce  100 
percent  carrier,  while  the  white 
portions  of  the  video  waveform 
cause  reduction  of  the  carrier  to 
approximately  7  percent.  The  d-c 
restorer  serves  to  clamp  the  sync 
tips  to  zero  bias  regardless  of  pic¬ 
ture  content.  Unfortunately,  this 
type  of  d-c  restorer  causes  some 
degradation  of  the  synchronizing 
pulse  waveform  during  the  vertical 
retrace  interval.  However,  the 
total  amount  of  droop  during  the 
vertical  retrace  interval  which  is 
due  to  the  low-frequency  character¬ 
istic  of  the  video  amplifier  plus  the 
effect  of  the  d-c  restorer  diode  does 
not  exceed  5  percent. 

The  modulation  linearity  of  the 
modulator  tube  is  sufficiently  good 
so  that  no  appreciable  compression 
of  white  values  will  occur  providing 
the  carrier  level  is  not  reduced  be¬ 
low  about  7  percent  of  maximum. 
There  is,  however,  a  small  amount 
of  clipping  of  the  synchronizing 
tips  by  the  d-c  restorer.  Thus  a 
signal  which  contains  approxi¬ 
mately  28  percent  sync,  instead  of 
the  usual  25  percent,  is  needed  to 
produce  the  standard  RMA  signal. 
If  separate  synchronizing  signals 
are  used  in  conjunction  with  V», 
no  difficulty  will  be  experienced.  If 
a  composite  signal  is  fed  to  the 
video  input,  the  amount  of  sync  in 
the  video  waveform  should  be  ad¬ 
justed  at  the  synchronizing  gener¬ 
ator. 


ture  carrier  frequency.  The  fre¬ 
quency-determining  element  of  the 
frequency  multiplier  chain  is  crys¬ 
tal  Fi  operating  between  7  and  9 
me  depending  upon  the  channel  de¬ 
sired.  Tube  Vi  in  Fig.  3  is  a  com¬ 
bined  crystal  oscillator  and  fre¬ 
quency  multiplier.  The  control 
grid,  screen  grid  and  cathode  are 
connected  as  a  triode.  The  plate 
circuit  contains  a  highly  selective, 
double-tuned  transformer,  tuned 
to  a  harmonic  of  the  crystal  oscil¬ 
lator.  The  circuits  shown  provide 
adequate  multiplication  and  adja¬ 
cent  harmonic  rejection  for  a  mul¬ 
tiplication  of  at  least  nine  times.  • 

A  6AG5  tube,  V^,  is  used  as  an 
additional  frequency  tripler  on  the 
generators  which  are  designed  for 
channels  7-13.  For  channels  1-6 
this  stage  is  used  as  a  buffer. 

Approximately  one  volt  of  r-f 
voltage  at  the  picture  carrier  fre- 


The  modulator  grid  is  fed  from 
the  multiplier  chain  which  develops 
the  required  r-f  voltage  at  the  pic- 


FIG.  4 — Complete  power  supply  circuit  for  the  generator 


FIG.  3 — Modulator  and  r-i  circuits 


quency  appears  on  the  modulator 
grid. 


Output  Amplifier 


The  modulator  plate  connects  to 
a  resonant  circuit  which  is  one  of  a 
stagger-tuned  pair.  The  second 
circuit  is  the  fixed  coil  of  a  mutual 
inductance  attenuator  which  is  re¬ 
sonant  near  the  picture  carrier. 

The  composite  r-f  transmission 
characteristic  from  modulator  grid 
to  the  output  terminals  is  shown  in 
Fig.  8.  for  operation  on  channel  13. 
The  total  3-db  bandwidth  is  about 
9  me. 

The  picture  carrier  is  situated  in 
such  a  manner  that  the  upper  side¬ 
bands  are  faithfully  transmitted 
whereas  the  lower  sidebands  are 
progressively  attenuated.  How¬ 
ever,  for  all  practical  purposes  for 
use  with  commercial  television  re¬ 
ceivers,  the  picture-modulated  gen- 
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erator  is  essentially  double  side* 
band.  The  shape  of  this  transmis¬ 
sion  characteristic  is  somewhat 
modified  when  the  attenuator  is  set 
for  maximum  output  but  is  still 
satisfactory. 

Power  amplifier  tube  couples 
into  the  mutual  inductance  attenu¬ 
ator.*  A  balanced  plate  circuit  with 
C»  forming  one  of  the  balance 
capacitors  and  the  circuit  capaci¬ 
tance  on  the  6AK5  side  forming  the 
other,  is  used.  This  balanced  con¬ 
dition  is  essential  if  the  output  of 
the  attenuator  is  to  be  balanced 
with  respect  to  ground. 

Figure  9  shows  a  cross  section  of 
the  attenuator  indicating  the  posi¬ 
tion  of  the  fixed  and  movable  coils. 
The  ratio  of  the  voltage  induced  in 
the  movable  coil  at  a  distance  X 
inches  from  the  fixed  coil  to  that 
induced  at  a  distance  (X  +  d/2) 
inches  is  16  db.  If  the  diameter  of 
the  cylinder  is  one  inch,  then  the 
attenuation  will  be  32  db  per  inch 
of  travel.  Approximately  120  db 
of  attenuation  is  provided  in  the 
attenuator  shown. 

The  movable  piston  has  a  gear 
rack  attached  to  it  which  is  driven 
by  means  of  a  pair  of  split  gears 
actuated  by  a  shaft  from  the  front 
panel.  The  attenuator  dial  is  di¬ 
rectly  calibrated  in  db  attenuation. 
A  movable  zero  slider  is  incorpo¬ 
rated  to  aid  in  setting  the  reference 
point. 
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FIG.  6 — Output  metering  circuit 


Coupling  Unit 

By  means  of  the  output  coupling 
unit,  shown  at  the  left  of  Fig.  5,  the 
balanced  signal  from  the  attenu¬ 
ator  cable  is  delivered  to  the  r-f 
output  jack  on  the  front  panel. 
Located  in  this  unit  is  the  Meter 
Read  Switch  S.  and  the  circuitry 
necessary  for  conducting  the  d-c 
measuring  voltage  of  the  output- 
level  measurement  system  from  the 
output  lead  to  the  output-level 
metering  circuit.  In  the  coupling 
unit  and  output  head  are  the  cir¬ 
cuits  for  enabling  both  the  r-f  out¬ 
put  signal  and  the  d-c  output-level 
measuring  voltage  to  be  carried  by 
the  same  output  cable. 

Output  Head 

The  output  head  is  connected  to 
the  R-F  Output  Jack  on  the  front 
panel  by  a  three-foot  length  of 
RG-22U  balanced  twin  conductor 


cable.  The  output  head  contains  a 
terminating  network  with  the  fol¬ 
lowing  nominal  output  impedances : 
10  ohms  unbalanced  to  ground,  50 
ohms  unbalanced  to  ground,  20 
ohms  balanced,  and  100  ohms  bal¬ 
anced.  The  maximum  output  volt¬ 
age  across  the  100-ohm  output  re¬ 
sistance  is  0.5  volt  rms. 

Also  located  in  the  output  head  is 
a  crystal  rectifier  CRi,  a  1N38  con¬ 
nected  in  a  peak  voltmeter  circuit 
with  and  C„.  This  crystal  can 
be  connected  by  switch  S,  to  either 
side  of  the  line  in  the  output  head 
to  indicate  the  magnitude  of  the 
output  voltage.  This  enables 
measurement  of  the  actual  output 
voltage  under  load  as  well  as  the 
open-circuit  voltage.  The  positive 
d-c  voltage  developed  across  Rm  is 
carried  by  one  of  the  conductors 
of  the  output  cable  to  one  side  of 
the  Meter  Read  Switch  S,  of  the 


coupling  unit.  When  the  switch 
button  is  depressed  the  video  am¬ 
plifier  is  disabled  and  the  d-c  meas¬ 
urement  voltage  is  connected  to  the 
metering  circuit.  Thus  the  attenu¬ 
ator  output  level  is  set  with  no 
modulation  on  the  carrier,  elimi¬ 
nating  the  possible  errors  which 
might  be  caused  by  different  pic¬ 
ture  content.  The  modulator  cir¬ 
cuits  are  designed  so  that  eliminat¬ 
ing  the  video  signal  has  a  negligible 
effect  on  the  amplitude  of  the  pic¬ 
ture  carrier. 

Output  Level  Meter 

The  output  level  meter  is  de¬ 
signed  to  indicate  the  output  volt¬ 
age  level  of  the  unmodulated  r-f 
carrier.  As  shown  in  Fig.  6,  it 
consists  of  a  cathode-coupled,  bal¬ 
anced  amplifier  using  a  12AT7,  Fn. 
One  triode  section  may  be  called  the 
measuring  tube  (pins  1,  2  &  3)  and 
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TABLE  I— Oscillator  ond  MoltipUei  Froquencios 


tive  receivers.  It  is  possible,  as  a 
result,  to  attenuate  completely,  so 
that  no  trace  of  a  picture  signal  re¬ 
mains  on  the  most  sensitive  tele¬ 
vision  receiver  which  has  been 
available  for  test.  The  generators 
have  been  tested  for  r-f  leakage 
through  the  power  cables,  chassis 
openings,  and  around  the  covers 
with  sensitive  communication  re¬ 
ceivers  and  have  shown  no  discern¬ 
ible  leakage. 

The  effective  shielding  has  been 
accomplished  by  carefully  filtering 
every  power  lead  which  enters  or 
leaves  the  chassis  in  several  stages. 
All  circuits  which  carry  r-f  or  have 
r-f  fields  have  been  carefully  com- 
partmented. 

Another  factor  which  tends 
toward  low  radiation  and  leakage  is 
the  absence  of  a  high-level  oscilla¬ 
tor  at  the  picture  carrier  frequency. 
The  high-level  oscillator  operates 
between  7  and  9  me  and  conse¬ 
quently  does  not  affect  the  tele¬ 
vision  receiver. 


is  labeled  Meter  Calibrate  on  the 
panel.  The  maximum  sensitivity 
is  in  the  order  of  0.16  to  0.20  volt 
for  full-scale  deflection. 

Picture-modulated  generators 
have  been  designed  and  constructed 
for  channels  2  to  13  inclusive. 
Tables  1  and  2  indicate  the  fre¬ 
quencies  involved. 

Shielding  and  Leakage 


the  second  triode  the  reference 
tube,  (pins  6,  7,  8).  With  no  signal 
on  the  measuring  tube  the  Meter 
Zero  control  potentiometer  is  ad¬ 
justed  until  the  microammeter 
reads  zero  current;  in  this  condi¬ 
tion  the  voltage  difference  between 
the  two  plates  is  zero. 

If  a  positive  d-c  voltage  is  ap¬ 
plied  to  the  grid  of  the  measuring 
tube  the  current  through  it  will 
increase,  and  the  current  in  the  Great  care  has  been  exercised  in 
reference  tube  will  decrease  a  cor-  providing  good  shielding  and  r-f 
responding  amount.  The  difference  filtering  to  enable  the  use  of  picture 
of  potential  between  the  two  plates  modulated  generators  with  sensi- 
is  then  a  measure  of  the  applied 
grid  voltage. 

To  protect  the  meter  from  acci¬ 
dental  overload  of  either  polarity 
two  1N34  crystal  rectifiers  CRt  and 
CRt  are  connected  in  a  novel  man¬ 
ner  between  the  two  plate  circuits. 

Crystal  CR,  is  poled  so  that  reverse 
deflection  of  the  meter  is  prevented. 

CRt  is  poled  and  biased  by  means  of 
R„  so  that  when  the  meter  current 
exceeds  a  certain  value  the  crystal 
tends  to  prevent  a  further  increase. 

Potentiometer  Ra  in  Fig.  6 
serves  only  to  control  the  magni¬ 
tude  of  the  input  signal  and  the 
sensitivity  of  the  system;  hence  it 


■.'PICTUfiE  CARRIER 


Setting  Modulation  Depth 

The  setting  of  the  several  video 
signal  controls  to  obtain  the 
standard  depth  of  modulation  can 


fig.  S — Composite  r-f  transmission 
characteristic 


, PISTON 


l5-7m.f| 


'MOVASLE  oat 


BRASS 

CTLINOCR 


FIG.  9 — Construction  details  of  the  mutual  inductance  attenuator 
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be  accomplished  by  the  following 
procedure.  The  equipment  required 
in  addition  to  the  video  source  for 
modulating  the  picture  modulated 
generator  includes  a  wide  band, 
high-gain  oscilloscope,  a  mechani¬ 
cal  buzzer-type  interrupter  and  a 
crystal  rectifier,  video  detector  cir¬ 
cuit. 

The  circuit  and  an  illustration 
of  the  t3T)e  of  display  are  shown  in 
Fig.  10.  Here  the  rectifier  circuit 
is  connected  across  the  output 
terminals  of  the  output  head.  The 
output  from  the  detector  is  con¬ 
nected  to  the  vertical  plates  of  the 
oscilloscope;  the  horizontal  sweep 
set  to  30  cps  and  synchronized  with 
the  power  line. 

The  interrupter  periodically 
short  circuits  the  output  from  the 
detector  so  as  to  indicate  the  zero 
carrier  level  of  the  signal  from  the 
generator.  The  pattern  on  the  os¬ 
cilloscope  appears  as  shown  as  a 
replica  of  the  video  modulating 
waveform  with  periodic  spikes  ex¬ 
tending  down  to  zero  carrier  level. 
In  general  the  spikes  will  not  be 
synchronous  with  the  video  signal 
and  horizontal  sweep. 

To  set  modulation  depth  adjust 
the  video  and  sjmchronizing  signal 
gain  controls  until  the  video  signal 
plus  the  sync  peaks  are  equal  to 
about  93  percent  of  the  peak  signal 
observed  on  the  screen  of  the  oscil¬ 
loscope.  The  black  level  adjust¬ 
ment  is  made  by  proportioning  the 
relative  amounts  of  sync  and  video 
signals. 

Overall  Performance 

The  overall  amplitude  and  phase 
versus  frequency  characteristic  is 
shown  on  Fig.  11.  The  curves  were 
taken  with  a  Hazeltine  phase  curve 
tracer.*  The  swept  video  was  con¬ 
nected  at  the  video  input  jack  and 
the  output  signal  recovered  across 
a  2,000-ohm  load  resistor  of  a  crys¬ 
tal  detector  connected  across  the 
r-f  output  terminals.  In  this  man¬ 
ner  the  fidelity  of  the  entire  unit 
including  the  video,  r-f,  and  coupl¬ 
ing  circuits  can  be  evaluated. 

A  resume  of  the  performance 
specifications  is  as  follows: 
Operating  frequency  range — One 

channel 

Output  level — 0.5  v  to  below  1  fiv 
Output  impedance — 10  ohms  unbal¬ 
anced;  50  ohms  unbalanced;  20 


ohms  balanced ;  100  ohms  bal¬ 
anced 

Video  polarity — black  positive  • 
Video  input  level — 0.4  v  to  1.2  v 
peak  to  peak 

Frequency  accuracy — 50  kc  of  nom¬ 
inal  picture  carrier 
Spurious  frequencies — at  least  44 
db  below  picture  carrier 
Attenuator  balance — the  unbal¬ 
ance  to  ground  between  two 
halves  does  not  exceed  0.5  db 
Power  drain — 110  watts  at  117  v 
60  cps 

Modulation  dep^h — adjustable,  zero 
to  about  93  percent 


.INTERflUPTER  PULSES 


MpnoPCR  setting 


FIG.  10 — Cirdiit  of  interrupter  for  esti¬ 
mating  the  position  of  zero  carrier  level. 
By  adjustment  of  the  gain  controls  of  the 
generator,  the  modulation  depth  ond  the 
black  level  may  be  set  according  to  RMA 
and  FCC  standards.  Acceptable  setting 
is  shown  at  (B)  and  incorrect  setting  indi¬ 
cating  excessive  sync  gain  and  inade¬ 
quate  video  gain  is  shown  at  (C) 
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The  instrument  has  been  used 
with  standard  RMA  signal  gener¬ 
ators  manufactured  by  RCA  and 
Telequip  Corp.  In  addition  to  the 
monoscope,  several  video  patterns 
have  been  used,  among  which  are: 
black  and  white  signal,  linearity 
bar  pattern,  step  wave,  camera 
signals  and  signals  taken  off  the 
air  by  a  television  receiver. 

In  normal  use  of  the  instrument, 
an  f-m  signal  generator  operating 
on  the  proper  sound  carrier  fre¬ 
quency  is  an  important  accessory. 
Figure  12  is  a  circuit  diagram  of  a 
mixing  pad  which  enables  mixing 
of  sound,  picture  and  noise  signals 
to  simulate  the  actual  television 
transmission.  The  picture  input  has 
a  crystal  rectifier  which  is  used  in 
place  of  the  output  coupling  box  for 
measurements  of  picture  carrier 
level.  The  insertion  loss  of  the  sys¬ 
tem  is  approximately  9  db. 

With  receivers  using  intercarrier 
sound,  a  small  amount  of  phase 
modulation  of  the  picture  carrier 
by  the  action  of  the  modulator  on 
the  tuned  circuit  in  its  grid  circuit 
may  be  observed. 

The  phase  modulation  may  be 
reduced  by  means  of  input  admit¬ 
tance  variation  compensation.  This 
consists  of  an  unbypassed  cathode 
resistance  in  the  6AS6  cathode.  The 
size  varies  between  25  and  100 
ohms  depending  on  the  channel. 
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FIG.  11 — Overall  amplitude  and  phase 
versus  frequency  characteristic 
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FIG.  12 — Mixing  pad  for  combining  on 
f-m  sound  signal  with  the  video  channel 
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CERAMIC  DIELECTRIC 

Materials 

I  •  _ 


New  materials,  not  to  be  confused  with  porcelains  and  steatites,  have  many  potential 
uses.  Dielectric  constant,  dissipation  factor,  temperature  coefficient,  volume  resistivity 
and  other  characteristics  that  determine  their  electrical  uses  are  discussed 
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Characteristic 

Group  A 

Group  B 

Group  C 

Dielectric 
Constant  (K) 

25  C  at  1  me 

30  to  95 

100  to  420 

500  to  6,000 

Dissipation 
Factor  (D) 

25  C  at  1  me 

0.0002  to  0.0005 

0.0004  to  0.005 

0.005  to  0.015 

Temperature 

Coefficient 

(TC) 

-|-  100  ppm/deg  C 
(PlOO)  to 
—  750  ppm/deg  C 
(N750) 

—  1000  ppm/deg  C 

(NIOOO)  to 

—  .5600  ppm/deg  C 

(N5600) 

Plots  as  peaked 
curve 

Volume 

Resistivity 

25  C 

10^*  to  10“  ohms 
per  cm’ 

10»  to  10“ 
per  cm’ 

10“  to  10“ 
per  cm’ 

Capacitor 

Applications 

Temperature  com¬ 
pensation 

Fixed  capacitance 
standards 

By-pass  and  coupling 

Transmitting  (high 
volt-ampere  rating) 

Trimmers 

Temperature  com¬ 
pensation 

By-pass  emd  coupling 

High-voltage 

By-pass  and 
coupling 

Filter 

High-voltage 

(dc) 

FIG.  1 — General  characteristice  oi  ceramic  dielectrics 
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FIG.  2— Typical  temperature  •  coefiicieni  FIG.  3— Dielectric-constonf  and  diasipa- 
curres  lor  Group-A  dielectrics  tion  characteristics  oi  Group-A  materials 


WITHIN  the  past  decade  a  series 
of  new  dielectric  materials 
has  been  introduced  to  the  elec¬ 
tronic  industry  in  the  United 
States.  These  materials  are  com¬ 
monly  known  as  ceramic  dielectrics 
and  are  not  to  Y'i  confused  with 
other  electrical  ceramics  such  as 
steatite  and  porcelAin.  The  latter 
materials  have  dielectric  constants 
of  the  order  of  five  or  six;  com¬ 
mercially  available  ceramic  capaci¬ 
tors  are  currently  being  manufac¬ 
tured  from  materials  having 
dielectric  constants  ranging  from 
30  to  6,000. 

This  article  describes  some  of 
the  electrical  characteristics  of  va¬ 
rious  ceramic  dielectrics.  Informa¬ 
tion  regarding  their  usefulness  and 
limitations,  and  notes  on  the  test 
methods  employed,  are  included. 

General  Characteristics 

On  the  basis  of  electrical  char¬ 
acteristics,  ceramic  dielectrics  can 
be  divided  into  the  three  groups  in¬ 
dicated  in  Fig.  1.  The  values  shown 
are  typical.  Since  these  are  syn¬ 
thetic  dielectrics,  variations  exist 
between  similar  materials  supplied 
by  different  manufacturers.  The 
variations  are  quantitative. 

The  materials  included  in  Group 


That  the  losses  in  a  dielectric 
generally  increase  with  increasing 
temperature  is  well  known.  Fig¬ 
ures  5A  and  5B  show  the  dissipa¬ 
tion  factor  and  insulation  resist¬ 
ance  of  typical  samples  at  various 
temperatures. 

The  Group-B  materials  originally 
represented  an  extension  in  the 
■range  of  materials  available  for 
the  manufacture  of  temperature- 
compensating  capacitors.  They  are 
slightly  poorer  dielectrics  than 
those  discussed  above  but  have 
larger  values  of  temperature  coef¬ 
ficient  and  higher  dielectric  con¬ 
stant.  Both  Group-A  and  Group-B 
materials  could  be  classified  as 
titanium-dioxide  dielectrics. 

Qualitatively,  Group-B  materi¬ 
als  behave  the  same  as  the  Group-A 


Manufacturing  disc-type  capacitors  using  ceramic  dielectrics 


A  are  excellent  dielectrics.  Except  and  -f  85  C  closely  approximates  a 
for  the  values  of  dielectric  constant  straight  line.  It  is  the  value  de- 
and  temperature  coefficient,  their  termined  on  the  basis  of  measure- 
electrical  characteristics  are  similar  ments  at  +25  C  and  +85  C  which 
to  those  of  other  insulators.  Intro-  is  taken  as  the  nominal  temperature 
duced  in  temperature-compensating  coefficient.  These  values  are  indi¬ 
capacitors,  they  are  now  employed  cated  on  the  curves, 
in  the  manufacture  of  capacitors  Figure  3  shows  the  changes  in 
for  almost  every  circuit  applica-  the  magnitude  of  the  dielectric  con- 
tion.  They  have  a  small  dissipation  stant  and  the  dissipation  factor  of 
factor  and  a  moderately  high  dielec-  two  Group-A  materials,  over  a  fre- 
tric  constant.  For  any  fixed  set  of  quency  range  of  approximately  six 
conditions  of  temperature  and  fre-  decades.  The  overall  change  is  three 
quency  the  dielectric  constant  is  percent  for  the  NPO  (zero  temper- 
essentially  fixed,  showing  no  change  ature  coefficient)  material  and  five 
as  a  result  of  aging,  temperature  percent  for  the  N750  material,  and 
cycling  (between  —55  C  and  is  largely  confined  to  the  audio- 
+85  C),  mechanical  vibration  or  frequency  region.  Figure  3B  is  par- 
applied  voltage.  ticularly  interesting  because  it 

Figure  2  shows  the  variation  in  shows  what  appears  to  be  the  relax- 
K  of  Group-A  materials  with  tern-  ation  point  for  interfacial  polariza- 
perature.  The  curves  are  plotted  tion  of  the  dielectric.  Generally 
in  the  conventional  manner,  show-  this  phenomenon  occurs  at  much 
ing  capacitance  change  in  parts  per  lower  frequencies.* 
million  from  the  value  at  25  C  Temperature  coefficient  is  not  in¬ 
versus  temperature  (AC/C»deg  X  dependent  of  frequency,  but  the 
10*  vs.  deg  C).  From  this  type  of  data  available- bn  this  point  are  not 
curve  it  is  possible  to  calculate  the  too  reliable  or  complete.  Figure  4 
temperature  coefficient  over  any  de-  shows  the  approximate  relationship 
sired  temperature  range.  (TC  =  between  temperature  coefficient  and 
(AC/ATC»deo)  10".  It  is  apparent  frequency.  The  shape  of  the  curves 
that  temperature  coefficient  is  not  indicates  that  in  the  radio-fre- 
a  linear  characteristic,  although  the  quency  region  the  changes  an 
portion  of  the  curve  between  +25  C  small. 


+400  +200  O  -200  -400  -600  '800 
TEMPERATURE  COEFFICIENT  M  PPM  PER  0E6  C 


FIG.  4 — Variation  in  temperature  coeffi¬ 
cient  with  frequency,  Group-A  maTeriole 
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FIG.  5 — Variation  in  dissipation  factor  of 
NPO  and  N750  materials  with  tempera¬ 
ture  (A)  and  variation  in  insulation  resist¬ 
ance,  values  shown  in  the  latter  case  at 
1,000  volts  d-c  after  an  electrification  time 
of  one  minute 
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FIG.  6 — Typical  temperature  •  coefficient 
curree  for  Group-B  dielectrics 


dielectrics.  Figure  6  shows  a  fam¬ 
ily  of  typical  temperature-coeffi¬ 
cient  curves  and  Fig.  7  shows  a 
plot  of  the  frequency-dielectric  con¬ 
stant  curve.  The  changes  in  di¬ 
electric  constant  with  change  in  fre¬ 
quency  are  slightly  greater  than 
those  exhibited  by  the  previously 
discussed  materials. 

Group  C 

The  Group-C  materials  cannot  be 
classified  as  good  dielectrics,  but 
they  are,  because  of  their  extremely 
high  dielectric  constants,  very  use¬ 
ful.  They  are  currently  used  in  the 
manufacture  of  bypass,  coupling, 
blocking  and  filter  capacitors  of 
high-capacitance  value  and  small 
physical  dimensions.  The  resistivity 
of  the  materials  is  large,  but  the 
dissipation  factor  is  quite  high, 
thus  limiting  their  use  to  applica¬ 
tions  where  the  applied  voltage  has 
only  a  small  alternating  component. 
Pressed  discs  (0.250  inch  thick) 
of  a  material  with  a  dielectric  con¬ 
stant  of  4,000  withstood  the  appli¬ 
cation  of  20,000  volts  d-c  but  were 
punctured  by  a  60-cycle  alternating 
voltage  of  about  7,000  volts  peak. 


Several  peculiarities  of  behavior 
are  exhibited  by  the  Group-C  mate¬ 
rials  and,  upon  casual  observation, 
the  dielectric  constants  of  the  mate¬ 
rials  appear  to  vary  at  random.  In¬ 
vestigation  has  revealed,  however, 
that  these  variations  follow  a  regu¬ 
lar  pattern.  The  dielectric  constant 
of  a  Group-C  material  varies  with 
time,  with  the  magnitude  of  the 
applied  voltage  and  in  a  very  un¬ 
usual  manner  with  temperature. 

A  material  common  to  all 
Group-C  dielectrics  is  responsible 
for  both  the  high  value  of  dielectric 
constant  and  the  unusual  variations 
of  this  property.  The  material  is 
barium  titanate  and  its  character¬ 
istics  have  been  extensively  de¬ 
scribed.*  In  its  pure  form  it  is  not 
useable  as  a  capacitor  dielectric. 
Figure  8  shows  the  change  in  the 
dielectric  constant  of  barium  ti¬ 
tanate  with  temperature.  It  has 
a  high  dielectric  constant  only  over 
a  very  narrow  temperature  range 
and  the  steep  slope  of  the  curve  in¬ 
dicates  that  a  pure  barium-titanate 
capacitor  would  show  great  changes 
in  capacitance  with  temperature. 

The  problem  of  developing  a  ca¬ 


pacitor  dielectric  from  this  mate¬ 
rial  has  been  essentially  one  of 
broadening  the  peak  of  the  curve, 
so  that  the  changes  over  the  work¬ 
ing-temperature  range  are  not  ex¬ 
cessive,  and  of  lowering  the  tem¬ 
perature  at  which  the  peak  occurs. 
Figure  9  shows  that  this  has  been 
accomplished.  There  is,  however, 
a  considerable  decrease  in  the  peak 
value  of  dielectric  constant. 

If  a  sample  of  a  Group-C  mate¬ 
rial  is  heated  to  a  temperature  of 
+85  C  or  higher  for  a  few  minutes, 
periodic  checks  of  the  dielectric 
constant  after  the  sample  has  re¬ 
turned  to  room  temperature  show 
that  the  dielectric  constant  de¬ 
creases  with  time.  Figure  10  shows 
a  semilogarithmic  plot  of  this  ag¬ 
ing,  in  terms  of  capacitance  change. 
The  aging  appears  to  continue  in¬ 
definitely  and  it  is  known  that  the 
slope  of  the  curve  remains  the 
same  for  more  than  a  year.  Each 
time  the  sample  is  heated  and  cooled 
it  will  return  to  its  original  high 
value  of  dielectric  constant  and  the 
slope  of  its  aging  curve  will  be  the 
same.  At  zero  time  the  value  of  di¬ 
electric  constant  appears  to  be  in- 


FIG.  7 — Dielectric-constant  and  dissipa¬ 
tion  characteristics  of  a  Group-B  material 


Life-test  equipment  employed  in  the  manufacture  of  ceramic  dielectric  capacitors 
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inite  and  at  infinite  time  the  value  prove  to  be  of  equal  value. 

)f  dielectric  constant  appears  to  be  All  determinations  of  dielectric 
sero.  The  slope  of  the  aging  curve  characteristics  were  made  using 
iepends  upon  the  material,  and  in  small  circular  discs  of  the  dielectric 
general  it  is  larger  the  higher  the  materials.  The  electrodes  were  sil- 
iielectric  constant  of  the  material,  ver  paint  fired  on  at  high  temper- 
The  temperature  capacitance  be-  atures  (approximately  1300  F), 
tiavibr  is  very  different  from  Unless  otherwise  noted,  values  indi- 
that  of  other  dielectrics  and  cated  in  the  figures  are  those  at  a 
cannot  be  explained  in  the  same  frequency  of  1  megacycle  at  25  C. 
manner;  however,  it  is  known  that.  Measurements  of  capacitances  at 
in  the  region  of  the  peak  dielectric  1  megacycle  and  below  were  made 
constant,  there  is  a  change  in  the  using  conventional  laboratory  ca- 
crystal  structure  of  the  material,  pacitance  bridges.  In  the  range 
and  it  is  this  change  which  appears  from  1  megacycle  to  30  megacycles 
to  be  responsible  for  the  changes  in  a  General  Radio  Company  Type 
dielectric  constant.  The  material  821-A  Impedance  Measuring  set 
will  repeat  the  same  behavior  dur-  was  employed.  Corrections  for  resi- 
ing  subsequent  checks  if  the  time  dual  circuit  impedances  were  ap- 
after  the  heat  treatment  described  plied.  Various  resonant-circuit  sys- 
above  is  the  same.  The  height  of  terns  were  employed  in  an  attempt 
the  peak  decreases  and  its  shape  to  obtain  values  at  higher  fre- 
sometimes  changes  with  age.  quencies,  but  none  of  them  seemed 

The  dielectric  constant  of  to  yield  results  as  consistent  as 
Group-C  materials  also  changes  those  obtained  at  lower  frequencies, 
with  applied  voltage  and  the  be-  One  of  the  main  difficulties  here 
havior  seems  analogous  in  every  was  obtaining  low-capacitance  sam- 
respect  with  ferromagnetic  hys-  pies  of  the  materials.  The  standard 
teresis  phenomena.*  Figure  11  gives 
some  information  regarding  the 
magnitude  of  these  changes,  in 
terms  of  capacitance.  As  in  the 
case  of  the  temperature  curve,  the 
magnitude  of  the  change  decreases 
with  age.  At  temperatures  above 
that  of  the  capacitance  peak  hys¬ 
teresis  it  no  longer  occurs. 

Figure  12  shows  the  frequency- 
dielectric  constant  curve  of  a  ma¬ 
terial  with  a  dielectric  constant  of 
2,000.  The  sample  was  allowed  to 
age  for  several  days  in  order  that 
the  changes  as  a  result  of  aging 

would  be  negligible. 

\ 

Measurements  Notes 

The  changes  in  dielectric  con¬ 
stant  discussed  above  are  invariably 
associated  with  changes  in  dissipa¬ 
tion  factor  and  the  latter  changes 
are  generally  in  the  same  direction 
as  the  former ;  however,  these 
changes  have  not  been  studied  suffi¬ 
ciently  to  permit  a  quantitative  dis¬ 
cussion  at  this  time. 

Although  the  unusual  behavior  of 
the  Group-C  dielectrics  makes  them 
undesirable  for  some  conventional 
circuit  applications,  these  same 
characteristics  may  make  them 
valuable  in  others.  The  nonlinear 
resistor  is  a  very  useful  circuit  ele¬ 
ment.  The  nonlinear  capacitor  may 


capacitors  in  the  various  instru¬ 
ments  were  correlated  to  each  other 
in  order  to  minimize  the  variations 
due  to  differences  between  the 
standards. 

Data  on  dissipation  factor  and 
insulation  resistance  at  various 
temperatures  were  obtained  by  im¬ 
mersing  the  sample  in  a  bath  of  dry 
oil  of  the  desired  temperature.  The 
procedure  was  necessary,  particu¬ 
larly  at  low  temperatures,  to  pre¬ 
vent  moisture  condensation  and 
frost  formation  on  the  samples. 

The  only  unusual  measuring  sys¬ 
tem  was  tljat  used  to  obtain  the 
temperature-coefficient  data.  Here 
an  oscillator  frequency- variation 
system  was  employed.  The  test 
sample  was  placed  in  an  oven,  and 
by  means  of  a  low-capacitance, 
low-temperature  coefficient  feed¬ 
through,  it  was  connected  into  the 
tuned  circuit  of  a  stable  electron- 
coupled  oscillator.  Variations  in 
the  capacitance  of  the  test  sample 
caused  variations  in  the  frequency 
of  the  oscillator.  The  frequency  va- 
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FIG.  10 — Aging  curre  ol  two  Group-C 
materials,  at  a  test  frequency  of  1.000  cps 
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FIG.  8 — Temperature  -  dielectric  constant 
curre  lor  barium  titonate.  where  K  is 
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FIG.  11 — Voltage  characteristics  of  two 
Group-C  materials 
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FIG.  12 — Dielectric-constant  and  dissipa¬ 
tion  characteristics  of  a  Group-C  material 


FIG.  9  —  Temperature  characteristics  of 
two  Group-C  materials 
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TtpIcoI  tubular  ceromic  copacitort 


versely  as  the  square  root  of  the 
capacitance  since  the  inductance  of 
tubular  capacitors  of  the  same  phy¬ 
sical  size  does  not  varv  appreciably 
with  capacitance. 

More  uses  for  the  ceramic  dielec¬ 
tric  materials  will  no  doubt  be 
found  as  their  characteristics  be¬ 
come  more  widely  known.  Continu¬ 
ing  research  is  almost  certain  to 
result  in  the  development  of  mate¬ 
rials  with  even  larger  dielectric 
constants,  and  though  it  seems 
doubtful  that  an  extremely  high 
dielectric  constant  material  with 
the  desirable  features  of  the  lower 
dielectric  constant  materials  will 
be  forthcoming,  the  new  materials 
should  be  very  useful.  Future  work 
in  the  design  and  manufacture  of 
ceramic  capacitors  can  be  expected 
to  make  possible  fuller  use*  of  both 
new  and  existing  ceramic  materials. 
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use  in  transmitter  tuned  circuits 
are  another  useful  development. 
These  pieces  will  carry  high  cur¬ 
rents  and  withstand  high  voltages 
but  still  retain  a  comparatively 
small  size.  High-quality,  temper¬ 
ature-compensating  trimmer  ca¬ 
pacitors  are  made  from  the 
Group-A  materials,  and  high-volt¬ 
age  filter  capacitors  for  television 
picture-tube  power  supplies  are  one 
of  the  most  recent  uses  for  the 
Group-C  materials. 

Because  of  their  construction,  the 
characteristics  of  ceramic  capac¬ 
itors  do  not  vary  appreciably  from 
those  of  the  dielectric  material. 
This  is  particularly  true  at  fre¬ 
quencies  of  the  order  of  10  mega¬ 
cycles  or  less.  At  higher  frequen¬ 
cies,  the  resistance  and  inductance 
of  the  leads  and  electrodes  cause 
some  variations.  The  resistance  of 
the  metal  parts  will  increase  ap¬ 
proximately  as  the  square  root  of 
the  frequency.  The  series  induc¬ 
tance  of  leads  and  electrodes, 
though  it  remains  constant,  will 
cause  the  effective  capacitance  to 
vary  from  the  static  value  by  a 
factor  so  that 

Cj,=  C/{l  -  iii'LC) 
where  C  =  the  static  capacitance. 
Cm  =  the  effective  capacitance,  and 
L  =  series  inductance. 

As  the  natural  resonant  frequency 
of  the  capacitor  is  approached,  the 
dissipation  factor  and  capacitance 
rise  sharply. 

The  natural  resonant  frequency 
of  a  small-size  tubular  (0.200-inch 
diameter  0.690-inch  length)  ca¬ 
pacitor  of  10  {t^f  and  with  A-inch 
leads  has  been  calculated  to  be  ap¬ 
proximately  600  megacycles,  the 
inductance  of  the  electrodes  being 
0.004  microhenry  and  the  total  lead 
inductance  approximately  0.006  mi¬ 
crohenry.  The  natural  resonant  fre¬ 
quency  varies  approximately  in¬ 


riation  of  the  oscillaftor  was  meas¬ 
ured  by  beating  the  oscillator  sig¬ 
nal  against  the  signal  from  a 
frequency  standard.  A  calibrated 
audio  oscillator  and  comparison  os¬ 
cilloscope  were  used  to  measure  the 
beat-note  frequency  to  within  2  or 
3  cycles.  From  the  oscillator  fre¬ 
quency  and  the  change  in  frequency, 
the  temperature  coefficient  was  cal¬ 
culated  according  to  the  formula 
=  21FC,/F\TC, 

where  C,  =  capacitance  of  the  test 
samples  in  jxitf,  C»  =  C,  +  addi¬ 
tional  resonant  circuit  capacitances, 
AT  =  change  in  temperature  in 
degrees  C,  F  =  frequency  in  me, 
and  AF  =  change  in  frequency  in 
cycles. 

Ceramic  Copocitors 

A  ceramic  capacitor  in  its  sim¬ 
plest  form  consists  of  a  small  ce¬ 
ramic  disc  or  rectangular  plate 
with  leads  soldered  to  the  silver 
painted  electrodes  on  each  surface. 
This  type  of  capacitor  is  available' 
commercially.  Another  style  is  the 
concentric  tubular  capacitor.  These 
capacitors  consist  of  a  ceramic  tube 
with  electrodes  applied  to  the  inner 
and  outer  surfaces  and  leads  sol¬ 
dered  to  the  electrodes.  Generally 
ceramic  capacitors  are  not  cased 
but  are  simply  coated  with  a 
moisture-resistant  lacquer  to  pre¬ 
vent  dirt  and  moisture  accumula¬ 
tion.  In  some  cases,  coatings  of 
various  phenolic  resins  are  applied 
or  metal  or  steatite  housings  used. 

Many  ceramic  capacitors  have 
been  developed  to  meet  special  re¬ 
quirements.  It  is  possible  to  obtain 
special  TC  curves  by  using  paral¬ 
leled  plates  of  materials  with  dif¬ 
ferent  TC’s  and  curve  shapes,  and 
it  is  also  possible  by  this  means  to 
make  a  capacitor  which  shows  no 
measurable  change  in  capacitance 
with  temperature.  Capacitors  for 
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Graphical  Power-Level 
Computations 


Chart  relating  current,  voltage,  resistance  and  power  in  watts  or  dbm  simplifies 
numerical  calculations.  Given  any  two  of  these  parameters,  the  other  two  can  be 

found  directly  from  the  chart 


WHERE  THE  ACCURACY  of  cal¬ 
culations  involving  Ohm's 
laws  for  power  and  voltage  need 
not  be  high  the  accompanying 
chart  will  save  time.  Typical 
uses  include  checking  wattage  of 
resistors,  choosing  dropping  and 
current-limiting  resistors,  and 
comparing  power  levels  at  points 
of  different  impedances  in  ampli¬ 
fiers  and  other  circuits. 

On  the  log-log  chart  the  hori¬ 
zontal  axis  represents  resistance 
and  the  vertical  axis  represents 
power.  Superimposed  on  these 
coordinates  is  a  similar  set  of 
log-log  coordinates  drawn  at  45 
deg  with  respect  to  the  others. 
These  latter  coordinates  repre¬ 
sent  current  and  voltage. 

The  chart  solves  equations  of 
the  form  wx  =  y  and  xy  ■=  z 
(or  wx'  —  z  and  y'/w  =  z). 

Given  any  two  parameters,  the 
other  two  are  located  at  the  in¬ 
tersection  of  the  indicated  co¬ 
ordinates.  For  example,  if  the 
measured  potential  across  a  20,- 
000-ohm  load  resistance  is  30 
volts,  the  chart  indicates  that  the 
load  consumes  0.045  watt  and 
draws  1.5  milliamperes. 

The  auxiliary  scale  on  the 
right-hand  margin  of  the  chart 
gives  the  power  in  terms  of  deci¬ 
bels  with  reference  to  one  milli¬ 
watt,  as  is  customary  in  com¬ 
munication  measurements. 
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NO.  2100— MULTIPLE  PUSH  BUTTON  SWITCHES 


_  ,  _  For  making, 

breaking,  or  tranafrrring  multiple  cirruila.  Available  in  4  to  8  buttona  in 
both  ab€>rting  and  iH>n-ali»rting  typea.  Plunger  and  latch  bar  niechaniam 
provide  inter-locking  action  whereby  any  depreaaed  button  ia  releaaed 
when  a  aecond  button  ia  preaaed.  ' 


GRID  BIAS  CELLS — An  excluaive,  patented  Mallory  proiluct  dcaigned 
to  provide  dependable  and  conatant  grid  biaa  potential  in  radio  receivera, 
high  gain  voltage  amplibera,  AVC  circuita,  hearing  aida  and  other  elec¬ 
tronic  appliancca  employing  class  "A”  amplification.  .Nominal  voltage 
1.15  V.  Non-reactive  at  audio  frequencies.  DC  resistance  range  10,000- 
40,000  ohms. 


Standard  or  Special 
Mallory  Parts  are  convenient 
to  order,  reliable  to  use 

Electronic  components  made  by  Mallory  include  standard 
items,  such  as  jacks,  plugs,  switches,  resistors,  capacitors, 
vibrators  and  the  like — and  Mallory  exclusives,  like  the 
grid  bias  cells,  or  the  Inductunerf  tuning  device  (not 
shown)  or  the  2100-multiple  push  button  switch — plus 
"custom  built”  parts  that  Mallory  designs  and  makes 
for  specific  uses. 

The  precision  methods  of  manufacture  and  inspection 
practiced  at  Mallory  insure  components  uniform  in  per¬ 
formance.  That  is  why  Mallory  parts  are  used  on  so 
much  test  and  experimental  equipment,  as  well  as  on 
production  runs. 

Catalog  747  describes  Mallory’s  complete  service  on 
standard  stock  components.  Your  Mallory  distributor 
sells  everything  in  this  catalog.  He  carries  many  of  the 
standard  items  in  stock.  He  can  arrange  to  stock  special 
items  in  quantities,  based  on  your  anticipated  require¬ 
ments.  Refer  special  designs,  or  problems  requiring  design 
service  to  the  address  below. 


JACK  SWITCHES  — Fi 


'rames  are  strcl  cadmium  plate;  bushing  of 
nickel  plate  brass;  contacts  of  fine  silver;  springs,  nickel  plate  spring 
brass.  Furnished  complete  with  black  knob,  nut  and  washer. 


SC  JACKS  — SC-IA  —  Phone  Jack,  equivalent  of  Signal  Corps  Jack 
#JK-3i-A.  Takes  following  plugs:  Mallory  #75,  Western  Electric  #47-A 
and  #t7-B,  Signal  0.rps  #PL.47.  #PL-48.  #PL-55,  #PL-148,  #PL-155. 

SCA-2B — .Microphone  Jack,  equivalent  of  Signal  Oirps  Jack  fJK-33-A. 
Designed  to  take  the  following  plugs:  Western  Electric  #IW.  Signa 
Corps  #PL-46,  #l*L-»»9,  #PL-168. 


PLUGS— PHONE  AND  MICROPHONE 

2-way  phone  plugs  with  tie  cord  anchors, 
bakelile  or  shielded  nickel  shell — 3-way  micro¬ 
phone  plugs,  bakelite  shells,  shielded  nickel 
shells  with  built-in  cable  clamps. 


Send  NOW  for  your  copy  of 
Catalog  747 listing  all  Mallory 
electronic  components. 


VIBRATORS  .  .  .  VIBRAPACKS*.  .  .  CAPACITORS  .  .  . 
VOLUME  CONTROLS  . . .  SWITCHES . . .  RESISTORS 
.  .  .  FILTERS  .  .  .  RECTIFIERS  .  .  .  POWER  SUPPLIES. 

*Rsg.  U.  S.  Pat.  Off. 
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me,  which  drives  a  pair  of  2C43 
lighthouse  triodes  in  push-pull 
tripling  from  f02-109  me  to  306- 
327  me.  The  829B  stage  is  a  con¬ 
ventional  lumped-constant  circuit. 
The  input  circuit  of  the  second 
tripler  is  also  a  lumped-constant 
circuit  but  the  plate  circuit  is  tuned 
by  parallel  lines. 

The  input  circuit  of  the  third 
tripler,  also  a  pair  of  2C43  tubes, 
is  a  parallel  line  circuit  and  the 
plate  circuit  utilizes  precision 
cavities  tuned  to  final  frequency. 

The  final  amplifier  is  a  grounded- 
grid  2C43  lighthouse  tube  in  a 
tunable  cavity  circuit,  having  an 
output  of  5  watts.  The  filament 
transformer  which  supplies  all 
lighthouse  tubes  is  controlled  by  a 
Variac  and  monitored  by  a  volt¬ 
meter. 

Measurements  in  the  laboratory 
and  in  the  field  show  that  the 
transmitter  meets  the  require¬ 
ments  laid  down.  The  tuning  range 
is  920  to  980  me;  frequency  stabil¬ 
ity  is  better  than  the  requirement 
— being  0.001  percent;  frequency 
deviation  is  ±200  kc;  f-m  hum 
and  noise  level  is  better  than  70  db 
below  100  percent  modulation; 
a-m  hum  and  noise  level  are  more 
than  50  db  down;  the  frequency 
response  of  the  audio  system 
matches  the  standard  75-micro¬ 
second  preemphasis  curve  to  within 
1  db  from  50  cps  to  15  kc;  a-f  dis¬ 
tortion  is  less  than  0.5  percent  be¬ 
tween  100  cps  and  7.5  kc  and  les.s 
than  1  percent  from  50  cps  to  100 
cps  and  from  7.5  kc  to  15  kc. 

A  block  diagram  of  the  receiver 


TUBES  AT  WORK 


Including  INDUSTRIAL  CONTROL 

Edited  by  VIN  ZELUFF 


STL  on  950-mc  Bond . 

Resistance  Deviation  Bridge .... 

F-M  Rodiotor . 

Polyphase  Power  Synchroscope 


STL  on  950*mc  Band 


Equipment  installed  as  the  studio- 
to-transmitter  link  for  f-m  station 
WFMI,  Portsmouth,  N.  H.,  oper¬ 
ates  on  940.6  megacycles,  perhaps 
the  first  permanent  stl  on  that 
frequency.  Because  Portsmouth  is 
only  60  feet  above  sea  level,  the 
broadcast  transmitter  is  located  on 
Saddleback  Mountain,  1,180  feet 
high  and  21  miles  distant. 

Studio-transmitter  link  equip¬ 
ment  was  designed  to  meet  FCC 
requirements  for  f-m  stations  re¬ 
laying  their  programs  from  the 
studio  to  transmitter  in  instances 
where,  for  one  reason  or  another, 
wire  lines  are  not  feasible. 

The  basic  exciter  unit  used  in 
Harvey  Radio  Laboratories  f-m 
broadcast  transmitters  has  been 
slightly  modified  by  the  manufac- 
‘  turer.  This  unit  utilizes  the  Phasi- 
tron  system  as  shown  in  the  b’.ock 
diagram  of  Fig.  1.  For  the  stl,  the 
normal  crystal  frequency  of  200  kc 
is  changed  to  400  kc  since  the  fre¬ 
quency  stability  tolerance  can  still 
be  easily  met  and  one  stage  of  fre¬ 
quency  multiplication  is  eliminated. 


7F7, 7N7 
AUDIO 


7A4  7A67 
3 -PHASE 
NETWORK 


7N7 

OSCILLATOR 
480  KC 


7AG7 

TRIPLER 


6L6G 

DOUBLER 


7AG7 

TRIPLER 


FIG.  1 — Stages  of  the  exciter  unit  for  i-m 
stl  transmitter 


The  series  of  doubler  and  tripler 
stages  produces  an  output  from 
this  exciter  unit  at  34  to  36  me. 
Conventional  circuitry  is  used  with 
complete  metering  of  all  circuits. 

The  circuit  of  the  power  tripler 
panel  is  shown  in  Fig.  2.  This  con¬ 
tains  an  829B  operating  class  C 
tripling  from  34-36  me  to  102-109 
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FIG.  2— Tripler  stages  are  driyen  by  Uie  exciter  at  35  me  and  provide  output  on  950  me 
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MANUFACTURERS  CORPORATION 


•CHICAGO  6 
MS  W.  Washington 
Boulevard 

MILWAUKEE  2 
312  East  Wisconsin 
Avenue 


•CLEVELAND  14 
1231  Superior 
Ave..  N.  E. 

DAYTON  2 
1315  Mutual  Home 
Building 


DETROIT  2:  15  Lawrence  Avenue 
•Local  Slocks  Available 


Representatives  in: 

MINNEAPOLIS  3:  130B  Harmon  Ploce  PEORIA  5:  101  Heins  Court 


hi 


N  YOUR  STAFF. . 


The  wide  variety  of  electrical  insulating  materials— 
each  made  by  a  recognized  leader  in  his  particular 
field — gives  the  IMC  Engineer  an  objective  view 
towards  product  improvement.  His  knowledge  and 
experience  qualify  him  to  be  the  electrical  insulation 
consultant  on  your  staff.  He  and  the  IMC  organiza¬ 
tion  behind  him  are  qualified  and  desire  to: 

1.  Assist  you  in  the  selection  of  the  best  insulating 
materi^  for  the  job. 

2.  Familiarize  you  with  their  proper  application. 

3.  Suggest  ways  to  eliminate  waste. 

4.  Increase  your  production. 

IMC  SRODUCTSt  Macallen  Mica  Products— Vartax  Varnished  Cloth 
and  Tapes — Varslot  Combination  Slot  Insulation — Fiberglas  Elec¬ 
trical  Insulation— Manning  Insulating  Papers  and  Pressboards-~ 
H.  a  V.  Insulating  Papers — Dow  Corning  Silicones — Oieflex  Var¬ 
nished  Tubings  and  Saturated  Sleevings — National  Hard  Fibre  and 
Fishpaper — Phenolite  Bakelite — Permacel  Adhesive  Tapes — Asbes¬ 
tos  Woven  Tapes  and  Sleevings — Inmanco  Cotton  Tapes,  Webbings, 
and  Sleevings — Pedigree  Insulating  Varnishes — Wedgie  Brand 
Wood  Wedges. 


me  amplifier  using  double-tuned, 
iron  core  transformers  to  provide 
a  bandwith  of  600  kc.  The  ampli¬ 
fier  has  a  fiat  response  character¬ 
istic  over  the  bandpass. 

Following  the  i-f,  cascaded'  limit¬ 
ers  feed  the  discriminator.  A 
cathode  follower  isolates  the  low 
impedance  de-emphasis  circuit 
from  the  discriminator,  providing 
loading  which  does  not  vary  with 
frequency.  A  vtvm  measures  dis¬ 
criminator  output,  to  provide  a 
reading  of  kilocycles  off  resonance. 

The  audio  system,  shown  at  the 
upper  right  in  Fig.  3,  consists  of  a 
phase  inverter  followed  by  two 
push-pull  stages.  Triodes  are  used 
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CaTltiM  and  coupling  circuits  of  the  r-i 
portion  oi  the  uhf  tronsmitter 


FIG.  3 — Block  diagram  oi  receiver  stages 
including  the  multi-stage  local  oscillator 


is  shown  in  Fig.  3.  The  i-f  is  30 
me,  requiring  local  oscillator  power 
at  890-950  me  for  reception  of 
920-980  me.  This  frequcicy  is 
obtained  by  the  series  of  triplers 
shown. 

The  oscillator  is  crystal-control¬ 
led,  using  a  temperature-controlled 
crystal  in  the  vicinity  of  3.8  me. 
This  circuit  is  provided  with  a 
vernier  control  to  allow  precise 
tuning  to  the  transmitter  fre¬ 
quency.  Conventional  frequency , 
multipliers  using  double-tuned  crit¬ 
ically-coupled  circuits  for  preven¬ 
tion  of  spurious  radiation  follow 
the  crystal  oscillator.  A  lighthouse 
tube  multiplier  in  a  parallel  line 
circuit  is  used  for  the  100  to  300-mc 
tripler  and  the  last  tripler  is  also 
a  lighthouse  tube,  in  a  tunable  cav¬ 
ity  circuit,  providing  output  be¬ 
tween  890  and  950  me. 

A  control  is  provided  for  the  d-c 
filament  voltage  which  is  used  on 
the  audio  stages,  the  local  oscil¬ 
lator,  the  r-f  amplifier,  and  the 
mixer. 

The  r-f  amplifier  is  a  grounded- 
grid  lighthouse  tube  in  a  tunable 
cavity  circuit.  Another  lighthouse 
tube  is  used  for  the  mixer,  and  its 
cavity  is  mounted  just  below  the 
r-f  stage.  Adjustable  local  oscil¬ 
lator  injection  is  provided  into  the 
mixer  cavity. 

The  i-f  amplifier  is  a  4-stage  30- 


flector  which  provides  a  gain  of 
23  db. 

The  standard  corner  reflector 
antennas  are  intended  for  use  at 
line-of-sight  distances  of  ten  to 
fifteen  miles.  For  ranges  in  excess 
of  about  twelve  miles  and  up  to 
about  twenty-five  miles,  a  para¬ 
boloid  antenna  at  one  end  of  the 
circuit  will  probably  be  necessary. 
For  distances  greater  than  twenty- 
five  miles  or  short  paths  where  not 
quite  line-of-sight  conditions  exist, 
two  paraboloids  are  recommended. 
Maximum  distance  for  reliable 
operation  is  about  thirty-five  miles. 


Closeup  view  of  the  30-100  and  100-300  me 
tripler  stages 

throughout  for  minimum  distor¬ 
tion.  A  precision  gain  control  hav¬ 
ing  45  steps  of  1  db  each  is  used  to 
control  the  output.  Maximum  out¬ 
put  is  -f  18  VU  and  is  monitored  by 
a  VU  meter.  Balanced  500/600-ohm 
output  is  provided.  Audio  fre¬ 
quency  distortion  is  less  than  0.5 
percent  from  50  cps  to  15  kc. 

Measurements  in  the  laboratory 
and  in  the  field  show  that  the  re¬ 
ceiver  is  quieted  by  an  RMA  quiet¬ 
ing  signal  of  3  microvolts,  that  its 
noise  figure  is  10  db  and  that  the 
hum  and  noise  level  is  more  than 
70  db  down.  Because  of  the  high 
frequency  stability  of  the  receiver, 
it  is  possible  to  use  it  as  a  partial 
frequency  monitor. 

Either  of  two  types  of  antennas 
are  used  with  the  stl.  The  corner- 
reflector  type  has  a  gain  of  12  db 
and  its  directivity  characteristics 
are  such  that  at  all  azimuth  angles 
greater  than  30  degrees  from  the 
direction  of  maximum  directivity, 
the  power  is  down  15  db.  The  para¬ 
boloid  antenna  uses  a  72-inch  re¬ 


Resistance  Deviation 
Bridge 

Joseph  C.  Frommer 

Electronic  Engineer 
Cmcinnati,  Ohio 

The  instrument  to  be  described  was 
developed  following  the  need  for  se¬ 
lecting  and  matching  resistors  in 
groups  of  ±0.5  percent.  It  consists 
of  a  Wheatstone  Bridge  containing 
two  built-in  equal  arms,  one  pair  of 
terminals  for  the  resistor  to  be 
tested  and  one  pair  of  terminals  for 
any  desired  resistor  to  be  inserted 
as  a  standard  of  comparison.  The 
bridge  is  fed  by  12  volts  of  d-c  and 
balance  is  detected  by  a  vacuum- 
tube  voltmeter.  The  output  of  the 

(continued  on  p  140) 
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OU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNET! 


Naw  Magnetic  Focusing 
Assombly  by  G.E.’s 
Electronics  Department 


The  Magnet  that  gives 
TelevisioM  the  new  look 


Now  it’s  permanent  magnets  for  better  television  re¬ 
ception.  The  permanent  magnet  shown  above  keeps 
electrons  on  the  beam  . . .  eliminates  blurring  of  the 
television  picture.  Once  the  set  has  been  focused  further 
adjustments  are  unnecessary.  And,  the  use  of  a  G*£  per¬ 
manent  magnet  results  in  greater  efficiency  since  no  heat 
is  generated  by  the  Cast  Alnico  ring  magnet. 

An  outstanding  feature  of  this  ring  magnet  is  the  very 
thin  wall  section  developed  by  G-E  process  engineers. 
Heretofore  this  was  possible  only  with  sintered  magnets. 
Better  permanent  magnets  as  well  as  new  applications  are 
constantly  being  developed  by  G-E  engineers. 

Perhaps  you  can  improve  the  efficiency  of  your  product 
with  G-E  permanent  magnets.  General  Electric  will  be 
glad  to  work  with  you  to  improve  your  product.  Greater 
flexibility  of  magnet  design  is  possible  with  the  many 
G-E  permanent  magnet  materials  now  available.  All  are 
produced  under  rigid  quality  control  methods.  This  as¬ 
sures  you  of  receiving  magnets  of  the  highest  uniform 
quality  for  your  application. 


Clear,  sharp  television 
reception  with  the  new 
G-E  Magnetic  Focusing 
Assembly. 

Th*  magnatic  flald  up  by 
th*  astambly  focus**  lb*  aloe- 


tcr**n.  Th*  cembin*«l  •ffoct  of 
Ih*  G-E  Cast  Alnico  6  p*rman*nt  magn*!  and  a  small 
coil  product*  this  magn*tic  fl*ld  axial  with  th*  tuba 
nock.  Th*  ring  magn«t  supplios  th*  bulk  of  th*  mag- 
notic  flux  whil*  th*  coil  act*  as  a  vornior  adjustmont. 
Th*  punchod  polo  piocos  colloct  th*  magnotic  flux  and 
diroct  it  into  a  uniform  radial  pattorn. 

Outstanding  advantogo*  of  this  now  assombly  ar* 
incroasod  officioncy  and  compoctnoss.  Dofocusing  du* 
to  lino  voHag*  fluctuation  and  warm-up  drift  Is 
oiiminatod. 


I  METALLURGY  DIVISION 
I  CHEMICAL  DEPARTMENT,  SECTION  CM-8 
I  GENERAL  ELECTRIC  COMPANY 
I  PITTSFIELD,  MASS. 

I  Please  send  me: 

I  □  Bulletin  CDM-1 
!  Name . . . 


‘G-E  Permanent  Magnets. 


PERMANENT 

MAGNETS 

GENERAL  # 


I  Company . . . 

I  Products  Mfrd 


Address. 
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consists  of  equal  portions  of  nickel 
and  iron.  Meltiifg  and  casting  are 
done  under  vacuum,  resulting  in 
an  oxygen  and  carbon  content  be¬ 
low  0.01  percent.  The  ingots  are 
hot  rolled  to  0.2 1  inch,  then  cold 
rolled  without  annealing  to  below 
0.10  inch,  resulting  in  98  percent 
reduction.  The  sheets  are  slit  into 
the  desired  tape  width  (0.014  inch) 
and  finally  rolled  to  a  thickness  of 
0.0012  or  0.002  inch.  The  tape  is 
then  insulated  by  conventional 
methods  and  wound  into  spiral 
cores.  These  cores  are  heated  in 
pure  dry  hydrogen  to  an  optimum 
temperature  determined  magnet¬ 
ically  from  samples  for  each  melt. 
After  two  hours  the  cores  are 
rapidly  cooled. 

To  preserve  the  rectangular 
characteristics  and  the  sharp  knee, 
the  cores  should  not  have  air  gaps, 
hence  the  uncut  wound  toroidal 
form.  The  magnetic  field  must  be 
uniform  over  the  entire  cross  sec¬ 
tion,  requiring  a  narrow  annular 
width  relative  to  the  mean  radius. 
After  the  final  heat  treatment  the 
cores  should  not  be  mechanically 
strained,  therefore  they  are 
mounted  in  forms  that  support  the 
windings.  Because  the  transient 
time  of  reversals  of  saturation  are 
very  short  in  the  applications  of 
these  cores,  thin  tape  and  high 
specific  resistance  are  necessary. 


THE  ELECTRON  ART 


Edited  by  FRANK  ROCKETT 

Improved  Mcrtericd  for  Magnetic  Amplifiers . 

Nonmagnetic  Magnetometer . 

Multiirequency  Synchronizer  . . .- . 

Indoor  Television  Antenna . 

Industrial  Magnetron  . 

Survey  of  New  Techniques . 


Improved  Material  for  Magnetic  Amplifiers 


Successful  application  of  mag-  mation  presented  in  these  several 
netie  amplifiers’  has  stimulated  in-  papers, 
vestigation  of  these  devices.  At  a 

symposium  on  magnetic  materials  Rectangular.  Hysteresis  Loop 
held  in  Washington,  D.  C.,  June  15, 
development  of  a  suitable  core  ma¬ 
terial,  carried  out  at  the  Naval 
Ordnance  Laboratory,  White  Oaks, 

Md.,  was  described  by  G.  W.  Elmen, 
consultant  to  the  laboratory,  and  E. 

A.  Gaugler*,  and  E.  Both,  Squire 
Signal  Lab;  A.  0.  Black,  of  NOL, 
described  the  characteristics'  of 
electromagnetic  amplifiers  that 
could  be  obtained  with  the  new  core. 

Frank  Logan,  Vickers  Electric 
Div.,  Vickers  Inc.,  reviewed  devel¬ 
opment  of  saturable  reactors  and 
magnetic  amplifiers  including  an 
experimental  two-*stage  audio  am¬ 
plifier  driven  by  a  single-button 
carbon  microphone  and  delivering 
15  peak  watts  to  a  dynamic  speaker. 

Otto  Jensen,  Rectifier  Div.,  I.T.E. 

Circuit  Breaker  Co.,  showed  how 
highly  efficient  electromechanical 
rectifiers  could  be  built  using  sat¬ 
urable  reactors. 

The  following  material  is  a  co¬ 
ordinated  summary  of  the  infor- 


Several  methods  have  been  de¬ 
veloped  to  produce  materials  hav¬ 
ing  substantially  rectangular  hys¬ 
teresis  loops  as  shown  in  Fig.  1. 
A  German  process  consists  of  dras¬ 
tic  cold  reduction  followed  by  an¬ 
nealing  in  hydrogen  at  about 
1,100  C  for  two  hours  and  rapid 
cooling  of  very  pure  50-50  nickel- 
iron  alloy.  At  the  Bell  Telephone 
Labs  69  permalloy  and  some  of  the 
perminvars  were  found  to  display 
rectangular  loops  when  cooled  in 
magnetic  fields.  Mihara,  in  Japan, 
recently  obtained  similar  results  by 
cooling  very  pure  silicon  steel  in  a 
magnetic  field. 

The  technique  perfected  and 
adapted  to  mass  production  at  NOL 
for  producing  permenorm  5000-Z 
is  a  combination  of  cold  reduction 
and  annealing.  Precautions  are 
taken  to  minimize  impurities  intro¬ 
duced  by  both  the  raw  materials 
and  the  melting  of  the  alloy,  which 


Magnetic  Amplifiers 


Although  numerous  attempts 
have  in  the  past  been  made  to  de¬ 
velop  magnetic  amplifiers,  these 
devices  have  had  limited  applica¬ 
tion.  With  an  understanding  of 


At  Noral  Ordnanc*  Lab  materials  are 
measured  to  find  diose  best  suited  for 
ma^neUc  amplifiers 


Properties  of  new  core  material  depend  on 
its  being  annealed  under  carefully  con¬ 
trolled  conditions 


Magnetic  amplifiers  produce  power  gains 
of  several  thousapd  per  stage,  twice  that 
previously  possible 
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BOONTOr  RADIO 


BOONTOM-N-J-U  S  A 


A  NEW  AMPUTUDE  MODUUTED  SIGNAL  GENERATOR 

Type  2n~A  •  frequency  Range  88-MO  /Regacycks 


Output  Frequency  Crystal  Monitored 
Amplitude  Modulation  0-100% 
Modulation  Fidelity  ±0.5  db 
30  cycles  to  11  kilocycles 
Negligible  Spurious  FM 


The  Type  211 -A  Signal  Generator  is  specifically  designed  for  the  testing 
and  calibrating  of  omni-range  radio  receiving  equipment.  It  is  also  well 
suited  for  laboratory  and  development  work  where  a  precision  type 
amplitude  modulated  R.  F.  signal  source  is  required. 

Careful  consideration  has  been  given  to  the  location  of  rxsnel  controls 
with  respect  to  function  and  degree  of  use.  The  main  frequency  dial  is 
located  in  the  center  of  the  panel,  with  the  vernier  dial  to  the  left  in 
close  proximity,  utilizing  the  same  fiducial  for  simplicity  and  ease  of  opera¬ 
tion.  Symmetrically  located  to  the  right  of  the  frequency  dial  is  the  output 
attenuator  dial,  directly  calibrated  in  microvolts.  The  center  panel  enclo¬ 
sure  embodies  those  controls  which  the  operator  will  have  the  greatest 
occasion  to  use,  permitting  rapid,  accurate  settings  to  be  made  with  max¬ 
imum  convenience. 

The  calibration  accuracy  of  the  frequency  dial  settings  is  *0.25%  at  any 
point;  however  since  crystal  controlled  frequencies  are  also  available 
within  the  instrument,  zero  beats  may  be  obtained  from  which  the  output 
frequency  may  be  standardized  to  an  accuracy  of  about  *0.025%  by  slipping 
the  vernier  frequency  dial  with  respect  to  the  main  frequency  dial.  This 
feature  permits  the  identification  and  checking  of  channel  frequencies 
differing  by  as  little  as  100  kc. 

Writ*  today  for  comp/«(«  dotalls! 


SPECIFICATIONS 

FREQUENCY  RANGE:  Maitar  Oteillalor:  88-140  magacyclai  in  ana 
rang#.  Vornior  fraquoncy  dial  hot  100  divitians  and  it  cauplod  ta 
lha  main  tuning  copacHar  through  a  120:1  goor  driva.  Each  varniof 
divltian  it  aquivolant  to  a  10  kc.  chonga  in  fraquancy. 

Crytlal  Cantrollad  Froquanciat:  EHhar  at  twa  crytlalt  110.100  me. 
and  114.900  me.,  accurota  ta  =i=0.003S%,  may  ba  taiactad  by  a 
twitch  far  uta  individually  or  in  cambinotian  with  lha  matlar  atcil- 
Icrtor  la  ttandordiza  Mt  aulpul  froquancy. 

AMFirrUOE  MODULATION  CHARAaERISTICS:  Twa  ampIHuda 
modulolian  rangat,  0-30%  and  0-100%,  aro  pravidad  far  uta  wHh 
lha  Intornal  atcillalar  ar  a  law  dittartian  axiarnal  atcillolar.  Dit- 
torlian  It  S%  ar  latt  at  9S%  ampIHuda  madulotian. 

Intornal  Audia  Otcillcrtar:  Two  modulating  froquanciat,  400  and 
1000  cyclat. 

Modulation  AmpIHUr:  Tha  inlarncl  modulating  amplHlar  hat  lha 
fallowing  charactarltHct: 

Uniform  ratpanta  wHhin  :^0.5  db.  30  cyclat  to  1 1  kc. 
Uniform  ratponta  wHhin  :^0.1  db.  90  cyclat  la  ISO  cyclat. 
Uniform  ratpanta  wHhin  ±0.1  db.  9S00  cyclat  to  10.5  kc. 
Photo  Dittartian:  (up  ta  60%  ampIHuda  modulation.) 
latt  than  0.25  dagraat  at  30  cyclat. 
latt  than  10  dagrMt  at  11  kc. 

AUDIO  TEST  VOLTAGE:  Thit  intirumani  canlaint  a  damodulotot 
or  aalaclar  which  tuppllot  to  front  ponal  larminalt  a  portion  of 
lha  damadulolod  carriar. 

SPURIOUS  FM:  Latt  than  1  kc.  at  60%  AM. 

OUTPUT  ATTENUATOR:  Singla  andad  pitton  lypa,  odjutlabla  from 
0.2  voH  to  0.1  microvoH.  Output  inipodonco  at  toon  looking  in  at 
larminalt  of  output  cabla  it  26.5  ahmt. 


DESIGNERS  AND  MANUFACTURERS  OF.  THE  Q  METER  •  OX  CHECKER 
FREQUENCY  MODULATED  SIGNAL  GENERATOR  •  GEAT  FREQUENCY 
GENERATOR  AND  OTHER  DIRECT  READING  INSTRUMENTS 
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FIG.  1— HytlAretU  loopa  are  made  redangular  by  (A)  apecial  annealing  which  muat  be  done  at  a  critical  temperature  (B),  or 

by  annealing  in  a  magnetic  field  (C) 


the  theory  of  their  operation,*  en¬ 
gineers  in  Europe  have  produced 
successful  units.*  Development  of 
improved  magnetic  core  material 
opens  the  possibility  that  these  am¬ 
plifiers  can  be  used  more  widely, 
especially  in  rugged  industrial  con¬ 
trol  equipment  that  must  require 
little  maintenance. 

Operation  of  a  magnetic  ampli¬ 
fier  can  be  followed  from  the  series 
of  curves  shown  in  Fig.  2;  the  ac¬ 
tion  is  similar  to  that  of  a  thyra- 
tron.  Consider  a  simple  reactor 
having  two  windings,  one  carrying 
the  alternating  current  that  is  to 
be  controlled,  the  other  carrying 
the  direct  control  current.  With 
Bero  control  current  the  reactor 
presents  high  impedance  at  all 
values  of  applied  alternating  volt¬ 
age  so  that  negligible  power  is  de¬ 
veloped  in  the  load.  With  a  slight 
amount  of  control  current  the  core 
is  saturated  at  the  peak  of  the  load 
current  cycle;  it  then  presents  low 
impedance  and  power  is  momen¬ 
tarily  developed  across  the  load. 


Hysteresis  causes  the  power  pulse 
to  be  unsymmetrical.  The  portion 
of  the  cycle  during  which  load  cur¬ 
rent  can  flow  is  increased  as  the 
control  current  is  increased. 

The  core  size  and  ampere-turns 
are  so  proportioned  for  the  power 
to  be  controlled  that  at  zero  control 
current  the  core  does  not  become 
saturated  and  at  full  control  cur¬ 
rent  the  core  is  saturated  during 
the  full  positive  half  cycle.  To  ob¬ 
tain  the  optimum  range  of  output 
for  a  given  reactor  and  control  sig¬ 
nal  the  maximum  flux  density  at 
cutoff  is  adjusted  so  that  the  hyster¬ 
esis  loop  is  symmetrical  and  shows 
a  total  excursion  of  flux  density  just 
less  than  twice  the  saturation  flux 
density  of  the  material.  For  high 
power  capacity  the  knee  of  the 
hysteresis  curve  should  occur  at 
high  density.  For  high  amplifica¬ 
tion  the  magnetizing  force  at  the 
knee  should  be  small.  These  design 
requirements  can  be  realized  read¬ 
ily  with  the  new  core  material. 

For  practical  operation  two  re¬ 


actors,  or  their  magnetic  equiva¬ 
lent,  are  used.  The  control  wind¬ 
ings  are  so  arranged  that  the 
fundamental  component  of  the  a-c 
induced  into  them  by  transformer 
action  cancels,  and  so  that  full- 
wave  operation  can  be  obtained. 
Figure  3  compares  the  results  ob¬ 
tainable  with  permenorm  5000-Z 
and  standard  electrical  steel. 

Electromechanical  Rectifier 

Efficient  high-current  rectifiers 
are  needed  in  the  chemical  and 
transportation  industries  to  con¬ 
vert  a-c  to  d-c.  Although  mercury 
arc  and  similar  electronic  rectifiers 
are  widely  used  in  this  application, 
mechanical  rectifiers  have  also  been 
used.  Figure  4  shows  the  elements 
of  such  a  unit.  To  prevent  destruc¬ 
tive  arcing,  commutation  should 
take  place  at  zero  phase  current. 
However,  a  sinusoidal  alternating 
current  is  changing  most  rapidly 
at  zero  so  that  it  is  difficult  to  time 

(continued  on  p  164) 
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COMPLETE  ENGINEERING  SPECIFICATIONS  AND 
DATA,  with  28  pages  of  charts  for  all  standard  types  of 
Truofc  rings,  now  available  upon  request.  Data  includes 
ring  dimensions;  housing  and  shaft  dimensions;  groove 
dimensions;  thrust  load  capacities;  materials;  tensile 
strengths;  types  of  finishes.  There  are  charts  supplying  en¬ 
gineering  recommendations  and  Truorc  ring  specifications 
for  standard  ball  bearing  assemblies. 

Here  is  everything  you  need  to  know  to  use 
M  and  sj^ify  time  and  money-saving  Truorc 
rings.  You  will  find  there's  a  Waldes  Truorc 
“*■  precision-engineered  retaining  ring  to  answer 
every  positioning  and  fastening  need.  Send  for 
your  free  copy  of  this  data  book  today. 


f  o»  um'otm 

cotn*' I?  tof  cuned 


Waldes  Kohinoor,  Inc.,  47-10  Austel  Place  A-is 

Long  Island  City  1,  N.  Y. 

Please  send  28-page  Data  Book  on  Waldes  Truarc 
Retaining  Rings. 


WALDES 


Name. 


RETAINING  RINGS 


Business  Address. 


WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY  1.  NEW  YORK 


State. 


'Aloes  TSUASC  SCTAIMIN9  SiNOt  ASC  ^ftOTCCrCO  tv  0  S  MTS. 
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NEW  PRODUCTS 

Edited  by  A.  A.  McKENZlE 

New  equiptnent,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers’  literature 


Wide-Range  Wattmeter 

Anderson-Fluke  Engineering 
Co.,  Box  815A,  Springdale,  Conn. 
Model  101  VAW  meter  measures 
volts,  amperes  and  watts  over  a 
frequency  range  of  20  to  200,000 
cps.  Eight  voltage  ranges  from  0.1 
to  300v  and  ten  current  ranges 
0.001  to  80  amp.  provide  power 
readings  from  100  microwatts  to  9 
kw.  input  resistance  is  1  megohm 


Tape  Recorder  Heads 

Webster  Engineering  Co.,  421 
Sinclair  Ave.,  S.  E.,  Cedar  Rapids, 
Iowa.  Plug-in  magnetic  tape  re¬ 
corder  heads  can  be  used  in  any 


in  parallel  with  25  micromicro¬ 
farads.  Powered  by  117  volts  at 
60  cps,  the  electronically  regulated 
power  supply  and  feedback  ampli¬ 
fiers  make  for  stable  calibration. 
Literature  is  available  on  request. 

Soldering  Pencil 

Ungar  Electric  Tool  Co.,  Los 
Angeles  54,  Calif.  A  new  solder¬ 
ing  pencil  with  interchangeable 
tips  operates  from  socket  power 
and  heats  to  600  degrees  in  90 
seconds.  The  pencil  is  7  inches 
long  and  has  a  maximum  diameter 
of  1  inch. 


ities  are  available  for  the  use  of  a 
turntable  and*  phono-pickup  for 
disc  record  playback,  or  for  copy¬ 
ing  records  onto  tape.  Twin-chan¬ 
nel  stereophonic  recording  for  3- 
dimensional  effect  is  possible. 


Remote-Control  Amplifier  • 

Brook  Electronics  Inc.,  34  De¬ 
Hart  Place,  Elizabeth  2,  N.  J., 
has  a  new  remote-control  model 
10C3  amplifier  designed  essentially 
for  custom-built  radiophonographs. 
The  smaller  of  the  two  chassis 
shown  contains  the  preamplifier 


octal  tube  socket  and  are  furnished 
in  a  variety  of  coil  and  impedance 
arrangements.  Both  playback  and 
erase  heads  have  steel  covers. 

Tape  Recorder  Chassis 

Magnephone  Division,  Amplifier 
CoRP.  OP  America,  398-7  Broad¬ 
way,  New  York  13,  N.  Y.  The 
Twin-Trax  tape  recorder  chassis 
has  an  attainable  frequency  re¬ 
sponse  of  50  to  9,000  cycles  ±3  db. 
An  automatic  switch  and  solenoid 
instantly  reverses  direction  of  tape 
travel  at  the  end  of  the  reel.  Facil- 


stages,  input  jacks  and  operating 
controls.  The  larger  contains  the 
30-watt  power  amplifier  and  power 
supply.  Frequency  response  is  fiat 
within  0.2  db  from  20  to  20,000 
cycles. 


Miniature  Televiser 

Pilot  Radio  Corp.,  37-06  Thirty- 
Sixth  St.,  Long  Island  City,  N.  Y. 
The  Candid-TV  home  television  re¬ 
ceiver  employs  a  new  3-in.  cathode 
ray  tube  and  weighs  15  pounds. 


Continuous  tuning  of  all  bands 
with  conventional  components  helps 
to  keep  the  retail  price  at  $99.60. 


Soldering  Gun 

Weller  Mfg.  Co.,  Easton,  Pa.  The 
new  12-inch  soldering  gun  is  de¬ 
signed  for  particularly  long-reach 
requirements  such  as  telephone 
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HERE  ARE  THE  ANSWERS  TO 
Your  Questions  About  TELEVISION! 


Minimom  Reqwirem*"** 

For  InItW  OpTO«*o" 


These  and  many  more  vital  questions  get  a  quick  and  complete 
answer  in  a  set  of  four  informative  bulletins  just  produced  by 
Raytheon.  First  released  at  the  recent  N.  A.  B.  Convention,  their 
practical,  factual  approach  to  the  basic  problems  of  television  was 
hailed  alike  by  executives,  engineers  and  countless  others  inter¬ 
ested  in  the  tremendous  possibilities  of  this  new  industry. 

Write  for  your  copies  today.  They  are  yours  for  the  asking  —  with 
the  compliments  of  Raytheon,  makers  of  complete  equipment  for 
AM,  FM  and  TV  stations. 


RAYTHEON  MANUFACTURING  COMPANY 

Wpitham  54,  Massachusetts 

Please  send  me  your  Bulletins  DL-T-804,  805,  806  and  807  on 
equipment  required  for  new  television  stations. 


Affiliation 


Address 


UNIVERSITY  OF  MICHIGAN  LIBRARIES 


proximately  50  ohms.  In  the  May 
issue  of  this  magazine  the  manu¬ 
facturer’s  name  was  erroneously 
given. 


Ultrasonic  Tester 

Sperry  Products,  Inc.,  1505  used  in  the  manufacture  of  vacuum 
Willow  Ave.,  Hoboken,  N.  J.  Type  tubes.  Finished  strip  is  ductile, 
SR05,  a  new  Supersonic  Reflecto-  has  a  black  finish,  and.  is  0.005  inch 
scope,  is  used  for  nondestructive  thick. 


multiple  maintenance.  Dual  heat 
at  100  and  135  watts  is  provided, 
with  operation  on  115  volts  at  60 
cycles.  Like  the  other  models  it 
has  five-second  heating,  built-in 
transformer,  prefocused  spotlight 
and  trigger  switch. 


Grid  Dip  Oscillator 

De  Vine  Laboratory,  Madison,  N. 
J.  Model  70  Grid  dip  oscillator  cov¬ 
ers  the  range  from  2  to  200  mega¬ 
cycles,  using  7  coils.  Operated 


Sound  Level  Meter 

Hermon  Hosmer  Scott,  Inc., 

Putnam  Ave.,  Cambridge  39,  Mass. 

Type  4 10- A  sound  level  meter  has  testing  of  metals  and  other  mate- 
a  range  34  to  140  db  above  the  ASA  rials  for  internal  defects.  The  unit 

measures  14  x  16  X  23  inches,  is 
portable,  and  weighs  about 


Tape  Accessory 

Inland  Sales  Inc.,  622  N.  Monroe' 

St.,  Spokane  11,  Washington.  An  without  plate  voltage,  the  unit  acts 
accessory  that  improves  perform-  as  an  absorption  type  meter  with 
ance  of  the  Brush  Soundmirror,  indicating  meter.  Batteries  can  be 
designated  Tru  Speed  Pressure  substituted  for  the  a-c  power  sup- 
Roller,  is  available.  The  illustra-  ply  unit. 


Tape  Recorder 

Dormitzer  Electric  &  Mfg.  Corp., 
782  Commonwealth  Ave.,  Boston, 
Mass.  Three  motors  are  used  in  a 
new  magnetic  tape  recorder  that 


reference  level  and  has  standard 
weighting  characteristics.  The  mi¬ 
crophone  can  be  used  on  an  exten¬ 
sion  cable  if  desired.  Net  weight 
is  about  2  pounds. 


tion  shows  method  of  mounting. 
The  roller  can  be  swung  away  from 
the  capstan  for  tape  threading  but 
locks  in  position  when  the  machine 
is  in  operation. 


R-F  Oscillator 

Technology  Instrument  Corp., 
1058  Main  St.,  Waltham  54,  Mass. 
Type  410-A  r-f  oscillator  is  a  gen¬ 
eral-purpose  laboratory  instrument 
and  a  signal  source  for  r-f  bridges. 
It  is  provided  with  output  voltme¬ 
ter  and  a  continuously  adjustable 
level  control.  Frequency  range  is 
100  kc  to  10  me  in  six  bands.  In¬ 
ternal  modulation  at  1,000  cycles  is 
provided.  Output  impedance  is  ap- 


Aliiniinized  Steel 

Sylvania  Electric  Products  Inc., 
Emporium,  Pa.  A  new  type  of 
aluminized  steel  provides  a  surface 
with  heat-radiating  properties  85 
percent  of  the  perfect  black  body. 
It  evolves  a  minimum  of  gas  when 


(Continued  on  p  176) 
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ARS  or  LiADERSHIP 

Ten  yeors  ago  the  first  AUDIODiSC  was  manufactured . . .  mcmufactufOd 
by  a  patented  precision-machine  process,  which  produced  the  fines!  recording 
disc  known. 

During  this  decade  AUDIODISCS  have  been  rated  first  in  every  field  of 
sound  recording  .  .  .  radio  broadcasting,  commercial  recording  studios, 
the  phonograph  record  industry,  motion  picture  studios,  educational  institu¬ 
tions,  home  recording,  research  laboratories  and  govermnental  ogmcies. 

In  every  country  throughout  the  world,  AUDIODiSCS  are  regorded  os  the 
true  standard  of  recording  quality. 

At  first  the  output  of  AUDIODISCS  was  measured  in  tens  of  thousands, 
then  in  hundreds  of  thousands  and  later  in  millions  per  year.  Today  this 
highest  rate  of  production  is  being  maintained  and  the  quality  is  the  fin^  yet 
achieved. 

AUDIO  DEVICES^  INC>f  444  IWedleeii  Ave— e.  Hew  Yerfc  22,  M.Y. 

Export  Department:  Rocke  International  Corp.,  13  E.  40th  Street,  New  York  16,  N.  Y. 

Amdiodiscs  are  mamufeclrtred  im  the  VS. A.  under  exclusive  license  from  PYRAL,  5.A.ILL.,  Paris 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Largest  television  hookup;  low-powered 
f-m  is  authorized  by  FCC;  65  scientists 
receive  awards;  reviews  of  12  new  books 


Facsimile  service  on  a  commercial 
basis  can  now  be  rendered  by  com¬ 
mercial  f-m  broadcast  stations,  as 
a  result  of  a  recent  FCC  decision. 
Simplex  facsimile  transmissions 


Commercial  Facsimile 

"commercial  will  be  limited  to  one  hour  between 
ired  by  com-  7 :00  a.m.  and  midnight.  Multiplex 
stations,  as  facsimile  may  be  transmitted  for  a 
CC  decision,  maximum  of  three  hours  during 
'ansmissions  the  same  period. 


The  Commission  at  the  same 
time  amended  its  Engineering 
Standards  to  incorporate  the  fol¬ 
lowing  definitions: 

The  index  of  cooperation  as  applied  to 
facsimile  broadcasting  is  the  product  of 
the  number  of  lines  per  Inch,  the  available 
line  length  in  inches,  and  the  reciprocal 
of  the  line-use  ratio.  (Thus.  105  X  8.2 
X  8/7  =  984). 

The  term  line-use  ratio  as  applied  to 
facsimile  broadcasting  is  the  ratio  of  the 
available  line  to  the  total  length  of  scan¬ 
ning  line. 

The  term  available  line  rnieans  the  por¬ 
tion  of  the  total  length  of  scanning  line 
that  can  be  used  specifically  for  picture 
signala 

The  term  rectilinear  scanning  means  the 
process  of  scanning  an  area  in  a  predeter¬ 
mined  sequence  of  narrow  stra.ght  paral¬ 
lel  strips. 

The  term  optical  density  means  the 
logarith  (to  the  base  10)  of  the  ratio  of 
incident  to  be  transmitted  or  reflected 
light 

The  following  standards  apply  to  fac¬ 
simile  broadcasting: 

1.  Rectilinear  scanning  shall  be  em¬ 
ployed,  with  scanning  spot  progressing 
from  left  to  right  and  scanned  lines  pro- 
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*  Where  the  ruggedized  version  (W  sufiix)  cannot  be  procured,  a  JAN  prototype  may  be  used,  provided  direct  interchangeability  is  assured. 
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Gas  Switching 

Modu¬ 

lation 

Magnetrons 

Vacuum 

Gas 

Grid 

Control 

Tubes 

ATR 

TR 

3D21A 

2J30-34 

4J50 

2X2A 

0Z4A 

857B 

2D21 

3B29 

1B35 

1B26 

3C45 

2J48 

4J51 

3B24W 

3B28 

869B 

C6J 

4B31 

1B36 

1B27 

3E29 

2J51 

4J52 

371 B 

4B26 

1005 

6D4 

71 9A 

1B37 

1B32 

4C35 

2J58« 

4J54-59 

5R4GY 

4B32 

1006 

393A 

1B44 

1B50 

5C22 

6C21 

715C 

i 

2J60 

2J61A-62A 

3J21 

4J78 

5J26 

5586 

5657 

836 

1616 

8020 

6C 

16B 

5517 

394A 

884 

1B51 

1B52 

1B53 

1B56 

1B57 

1B60 

2C39A  450TH  4D21 
2C43  81 1  5D22 

6C22  880  807W* 

9C21  889RAi  4X1 50A 
9C22  893A 

100TH  893 AR: 

250TH  ! 


Receiving  trpes  ore  listed  in  upper  section,  transmitting  types  below.  This  preferred  list,  dated  May  7.  1948.  supersedes  die  previous 
lists  doted  Jon.  28.  1947  ond  Jon.  28.  1948.  The  purpose  of  the  list  is  to  effect  on  eventuol  reduction  in  the  variety  of  tubes  used  in  Serv¬ 
ice  equipment.  It  is  mandatory  that  all  tubes  to  be  used  in  all  future  design  of  new  equipments  under  the  iurisdiction  of  the  Army 
loborotories  or  the  Navy  deportment  be  chosen  from  this  list.  Provisions  are  made  for  certain  exceptions,  however.  For  permission  to 
use  other  tubes  In  Army  equipment,  write  to  the  Army  Laboratory  concerned  with  such  equipment:  for  Navy  equipment  write  to  Elec¬ 
tronics  Division.  Bureau  of  Ships.  Code  930-A.  Novy  Department.  Woshington.  D.  C. , 
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ICO^NS 


TELEVISION  HIGH  VOLTAGE 
FILTER  CERAMICON 

The  newly  developed  Erie  Type  410 
Ceramicon  provides  a  new  high  stand¬ 
ard  of  dependability  for  high  voltage 
filtering.  Retaining  the  inherent  high 
flashover  protection  of  the  original  Erie 
Double-Cup  design  of  the  dielectric, 
extra  sedety  factor  has  been  added  by 
a  low-loss  molded  bakelite  case  de¬ 
signed  to  provide  longest  possible 
creepage  path  between  terminals. 

Specifications:  Fl^lsh  test — 22,500  Volts;  Life 
test — 15,000  Volts  at  85‘’C  for  1,000  hours; 
Capacity,  500  MMF,  +  20%. 


9,000  VOLT  BY-PASS  CERAMICON 


This  new  ceramic  dielectric  by-pass 
condenser  is  rated  at  10,000  RMS  test 
and  7  KVA  load.  Maximum  operating 
temperature  is  100°  C.  Type  2344  Erie 
Ceramicon  is  available  in  1,000  MMF 
capacity.  Size  approximately  4  high. 


200  AMP.  FEED-THRU 
BY-PASS  CERAMICON 


10,000  VOLT,  20  KVA  CERAMICON 


Erie  Type  2373  Ceramicon  is  ideal  for 
power  line  terminals  to  by-pass  radio 
frequency  currents  on  industrial  heat¬ 
ing  and  similar  equipment.  Conserva¬ 
tively  rated  at  1,000  Volts  DC.  operated 
with  current  carrying  capacity  of  200 
Amps,  overall  length  4^"  Standard 
capacity  ranges,  250  MMF,  650  MMF, 
1,000  MMF,  and  10,000  MMF. 


This  plate-type  ceramic  condenser  com¬ 
bines  ratings  of  20  KVA  and  10,000 
Volts  DC.  with  compact  size,  only  4^“ 
dia.  X  2-5/16"  height.  With  forced  air 
circulation  rated  load  is  above  50 
KVA  at  15  MC.  Type  3688  Ceramicon 
is  made  in  500  MMF  and  1,000  MMF 
capacities. 


*  Caramicon  it  tha  iagistarad  ttada  nama  oi  silvaiad 
caramic  condantart  mada  by  Eria  Raaiator  Corporation 


ERIE  RESISTOR  CORP 
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K^resHingr  from  top  to  bottom  of  subject 
copy. 

2.  The  standard  index  of  cooperation 
shall  be  984. 

3.  The  number  of  scanning'  lines  per 
minute  shall  be  360. 

4.  The  line-use  ratio  shall  be  %,  or 
31.'»  deff.  of  the  full  scanning  cycle. 

5.  The  %  cycle  or  45  deg.  not  included 
in  the  available  scanning  line  shall  be 
divided  into  three  equal  parts,  the  first 
15  deg.  being  used  for  transmission  at 
approximately  white  level,  the  second 
15  deg.  for  transmission  at  approximately 
black  level,  and  the  third  15  deg.  for 
transmission  at  approximately  white  level. 

6.  An  interval  of  not  more  than  12 
seconds  shall  he  available  between  two 
pages  of  subject  copy,  for  the  transmis¬ 
sion  of  a  page-separation  signal  and/or 
other  services. 

7.  Amplitude  modulation  of  subcarrier 
shall  be  used. 

8.  Subcarrier  modulation  shall  normally 
vary  approximately  linearly  with  the  op¬ 
tical  density  of  the  subject  copy. 

9.  Negative  modulation  shall  be  used. 
1.  e.,  maximum  subcarrier  amplitude  and 
maximum  radio-frequency  swing  on  black. 

10.  Suhcarrler  noise  level  shall  be 
niaintained  at  least  30  db  below  maximum 
(Idack)  picture  modulation  level,  at  the 
radio  transmitter  input. 


tests  has  been  completed  and  in¬ 
stallation  awaits  only  the  FCC 
authorization.  The  transmitter 
will  produce  an  effective  radiated 
power  up  to  25  kilowatts.  With 
this  power  engineers  can  make  field 
strength  surveys  of  a  500-mc 
broadcast  service  under  all  condi¬ 
tions  and  over  all  kinds  of  terrain, 
Should  the  experiments  prove 
these  frequencies  are  practicable 
for  television,  a  simple  adapter  can 
be  provided  for  present  television 
sets  to  enable  them  to  receive  pro¬ 
grams  broadcast  on  the  higher 
frequencies. 


Station  WPIX  Tower 
Completed 

Construction  of  New  York  City’s 
fourth  television  station,  WPIX, 
was  recently  completed  with  the 
erection  of  a  287-foot  tower  36 
stories  above  street  level  atop  the 
Daily  News  building. 

The  television  tower  has  a  10- 
foot  high  base  section  35  by  58  feet 
square.  The  second  section  is  207 
feet  high,  tapering  from  30  feet 
square  to  five  feet  square.  Next 
comes  a  28-foot  pylon  section  20 

(Continued  on  page  204) 


New  Experiniental  Television 
Station 

Radio  frequencies  above  500  me 
will  soon  be  explored  by  RCA  as  a 
medium  for  the  expansion  of  tele¬ 
vision  broadcasting.  A  new  ex- 
Iierimental  .station  will  be  installed 
at  the  Wardman  Park  Hotel  in 
Washington,  location  of  NBC’s 
commercial  television  station 
WNBW.  Simultaneous  operation 
of  the  two  stations  on  67  me  and 
510  me  will  give  engineers  an 
opportunity  for  the  first  time  to 
compare  the  .service  possibilities 
of  uhf  frequencies  with  those  of 
the  pre.sent  lower-band  commercial 
fretiuencies. 

Transmitting  equipment  for  the 


\ 

^  j 

r  ’ "  i 

Raisinq  the  RCA  antenna  lor  teleyision  etation  WPIX  from  street  level  to  the  roof  of  tl 

36th  floor 


MEETINGS 


Auc.  20-29:  All-Electrical  Exposi¬ 
tion,  Pan-Pacitic  Auditorium,  Los 
Angeles,  Calif. 

Auc.  24-27:  AIEE  Pacific  General 
Meeting,  Spokane,  Wash. 

Sept.  4-6:  ARRL  Convention,  Mil¬ 
waukee  Auditorium,  Milwaukee. 

Sept.  6-11:  International  television 
meeting,  with  exhibition  Sept.  2 
to  15,  Swiss  Federal  Institute  of 
Technology,  Zurich.  Address  in¬ 
quiries  to  Secretariat,  Interna¬ 
tional  Television  Meeting,  Gloria- 
strasse  41,  Zurich  6,  Switzerland. 

Sept.  13-17:  Third  Instrument  Con¬ 
ference  and  Exhibit,  Convention 
Hall,  Philadelphia,  Pa. 

Sept.  20-23:  Annual  meeting,  Asso¬ 
ciated  Police  Communication  Of¬ 
ficers,  Inc.,  Rice  Hotel,  Houston. 


Sept.*  27-Oct.  1:  Third  National 

•  Plastic  Exposition,  Grand  Central 
Palace,  New  York  City. 

Sept.  29-Oct.  2:  Pacific  Electronic 
Exhibition  and  IRE  west  coast 
Annual  Convention,  Biltmore  Ho¬ 
tel,  Loa  Angeles,  Calif. 

Oct.  5-7:  AIEE  Middle-Eastern  Dis¬ 
trict  Meeting,  Washington,  D.  C. 

Oct.  11-12:  FM  Association  Second 
Annual  Convention,  Sheraton  Ho¬ 
tel,  Chicago. 

Oct.  12-16:  Fifth  National  Chemical 
Exposition,  Coliseum,  Chicago, 
IlL 

Oct.  23-29:  Annual  convention, 
American  Society  for  Metals,  Ben¬ 
jamin  Franklin  Hotel,  Philadel¬ 
phia. 

Oct.  25-28:  Annual  Fall  meeting  of 


the  Institute  of  Metals  Division, 
American  Institute  of  Mining  and 
Metallurgical  Engineers,  Hotel 
Adelphia,  Philadelphia. 

Oct.  25-29:  National  Metal  Exposi¬ 
tion,  Commercial  Museum  and 
Convention  Halls,  Philadelphia. 

Oct.  25-29:  Annual  Convention 
American  Welding  Society,  Belle 
vue-Stratford  Hotel,  Philadelphia 

Oct.  25-29:  64th  semiannual  con 
vention.  Society  of  Motion  Pic 
ture  Engineers,  Hotel  Statler 
Washington,  D.  C. 

Oct.  27-28:  Annual  Convention,  So 
ciety  for  Non-Destructive  Testing 
Hotel  Adelphia,  Philadelphia. 

Nov.  4-6  National  Electronics  Con 
ference,  Edgewater  Beach  Hotel 
Chicago. 


138 


August,  1948  — ELECTRONICS 


A  GENERAL  CHEMICAL  RESEARCH  DEVELOPMENT 


From  Elemental  Fluorine 


Ml 


DIELECTRIC  CONSTANTS 


AT  27.5*C: 
Pressuro, 

Diel. 

Dial. 

^mm 

Deviation,  5 

Const.,  6 

708 

1.91 

1.00191 

704 

1.90 

1.00190 

590 

1.58 

1.00158 

457 

1.23 

1.00123 

369 

0.98 

1.00098 

216 

0.57 

1.00057 

131 

0.34 

1.00034 

Reference 

e’  =  1  — 10* 

35 

Fuoss,  J.  Amer.  Chem.  Soc.,  SO,  1633  (1938) 

COEFFICIENT  OF  EXPANSION-LIQUID  SF.; 

0.027  (for  interval  — 18.5  to  30*0 

Reference 

Prideaux,  J.  Chem.  Soc.,  S9,  323,376  (1906) 

MEAN  DIELECTRIC  COEFFICIENTS  AND  POLARIZATION: 


Gas 

-25* 

^0-1 

r25* 

'  0 

p-80* 

^  0 

p25 

Air 

528 

528 

— 

4.31 

N2 

538 

538 

— 

4.39 

2049 

2026 

2018 

16.51 

SiF, 

1702 

1690 

1681 

13.78 

E?i  —values  vrhich  would  be  obtained  by  actual  measure¬ 
ment  at  25*C  for  a  pressure  range  of  0-1  atmosphere; 
actual  measurements  at  slightly  different  tempera¬ 
ture. 

E^*  —limiting  values  of  E  at  zero  pressure  if  gases  were 
”  perfect. 

E’^  —limiting  values  at  -80*C. 
o25 _ _ 


—polarization  as  calculated  from 


P  =  ^  =  O.OOei55Eo 


Reference 

Watson,  Rao,  and  Rama- 
swamy.  Proc.  Roy.  Soc. 
(London),  iSI,  558  (1934) 


FOR  AMERtCAN  INDUSTRY 


In  Sulfur  Hexafluoride, 
General  Chemical  Research 
makes  another  important  contribution  to 
fluorine  chemistry.  This  stable  dielectric  gas  was 
the  first  commercial  chemical  produced  from  ele¬ 
mental  fluorine  to  be  offered  Industry . . .  and  is  the 
forerunner  of  many  similarly  made  fluorine  com¬ 
pounds  awaiting  introduction. 

Discovered  by  Moissan  and  Lebeau  in  1900  as 
the  product  of  combustion  of  sulfur  in  fluorine,  it 
has  been  found  to  be  remarkably  inert  and  to 
possess  exceptional  thermal  stability.  These  char¬ 
acteristics,  together  with  its  splendid  electrical 
properties,  have  led  to  its  present  use  as  a  gaseous 
dielectric  in  high  voltage  equipment. 

The  physical  data  presented  here  may  suggest 
other  applications  worthy  of  prompt  investigation 
for  your  products  and  processes.  For  commercial 
quantities,  experimental  samples,  or  more  detailed 
technical  information,  write  or  phone; 

Research  and  Development  Department 

GENERAL  CHEMICAL  DIVISION 

AlllEO  CHEMICAL  &  DYE  CORPORATION 

40  RECTOR  STREET,  NEW  YORK  6.  N.  Y. 

OfRcei  in  Principal  Cities  from  Coast  to  Coast 
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SCALE 

ILLl'M'NATlON 


X  DEVIATION 


Simple,  positive  protection 
for  9  Type  Reproducers 

...Inexpensive... Easy  to  Install 

Here’s  how  the  new  Western  Electric  706A  Guard  eliminates 
the  three  major  causes  of  damage  to  9  Type  Reproducers  and 
greatly  facilitates  their  handling. 

First,  it  serves  as  an  automatic  latch-type  support  .for  the 
reproducer  arm  when  not  in  use — taking  the  place  of  the 
armrest  from  which  the  arm  may  be  accidentally  jarred  with 
damage  to  the  reproducer. 

Second,  the  706A  Guard  positively  prevents  any  contact  between 
the  reproducer  stylus  and  the  felt  surface  of  the  turntable  and 
prevents  the  stylus  from  riding  into  the  label  and  drive-hole 
area  of  the  transcription. 

Third,  with  the  706A  Guard  it  is  impossible  for  the  stylus  to 
hit  the  edge  of  a  l6-inch  transcription. 

To  place  your  order,  call  your  local  Graybar  office  or  write 
Graybar  Electric,  420  Lexington  Ave.,  New  York  17,  N.  Y. 

-QUALITY  COUNTS- 

DIsnilUTORS:  IN  THE  u.  s.  A.— Graybar  Electric  Company,  in  Canada 
AND  NEWFOUNDLAND — Northern  Electric  Company,  Ltd. 

Western  Electric 


TUBES  AT  WORK 
(continued  from  p  126) 

vtvm  is  read  on  a  meter  calibrated 
in  ±.  percent  .deviation. 

When  there  is  no  resistor  across 
the  unknovm  terminals,  the  per¬ 
centage  deviation  is  infinite  and 
would  cause  the  pointer  to  jump  of! 
scale.  For  protection  against  such 
abuse  between  insertion  of  suc¬ 
cessive  resistors  to  be  tested  (with¬ 
out  the  use  of  a  hand-operated 
switch  that  would  slow  down  oper-, 
ation)  a  relay  automatically  discon¬ 
nects  the  meter  whenever  the  bridge 


STANDARD  S>S0 


STABILIZED 

I2VD-C 


J-n 

NOWN 


FIG.  1 — Block  diagram  of  instrument  for 
sorting  resistors  into  groups  of  one  percent 
apart 

output  exceeds  adjustable  prede¬ 
termined  limits. 

Whenever  the  unknovm  ter¬ 
minals  are  empty,  the  meter  stays 
in  its  zero  position.  If  a  resistor 
that  falls  within  the  preset  limits 
is  inserted,  the  meter  is  automatic¬ 
ally  connected  and  indicates  the 
percentage  deviation  from  the 
standard.  To  have  a  definite  indica¬ 
tion  of  whether  the  meter  is  active 
or  not,  the  dial  is  lit  up  by  two 
panel  lamps  whenever  the  meter  is 
active.  A  block  diagram  of  the 
instrument  is  given  on  Fig.  1. 

Bridge 

The  bridge  contains  two  equal 
ratio  arms  one  of  which  is  tapped 
and  delivers  the  resistance  ratio  for 
full  scale  calibration.  The  other 
two  arms  are  formed  by  the  stand¬ 
ard  (fastened  to  a  pair  of  screw 
terminals)  and  the  unknown  X  to  be 
inserted  under  a  pair  of  spring  ter¬ 
minals.  These  terminals  consist  of 
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FRONICS 


BIG  CAPACITY  PUMPS  FOB  VACUUM 

OF  OSE-BILLIOr/TH  OF  AN  ATMOSFHEBE 


American  production  is  dis- 

‘  covering  startling  ways  to  use 
high  vacuum.  Commercial  applica¬ 
tions  in  the  broad  fields  of  electron¬ 
ics,  metallurgy,  physical  chemistry 
and  nuclear  physics  are  demanding 
large  capacity  pumps  and  compo¬ 
nents  for  fast,  large-scale  production. 


So 

L  - 


-  u  ^  ^  o 


HI®**  " 
aNP  ® 
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To  provide  the  necessary  equip¬ 
ment,  DPI’s  engineering  department 
has  developed  a  wide  variety  of  dif¬ 
fusion  pumps  of  rugged,  all-metal 
construction  capable  of  pumping 
many  thousands  of  cubic  feet  per 
minute  without  sacrificing  low  ulti¬ 
mate  vacuum  achieved  by  the  finest 


laboratory  apparatus.  This  line  of 
large-capacity,  high -vacuum  equip¬ 
ment  and  the  technical  knowledge 
acquired  by  DPI  research  men  and 
engineers  are  available  to  industries 
interested  in  the  possibilities 
of  high-vacuum  processing  — or 
in  improving  present  high -vacuum 
installations.  Write: 


'*f^xc€U€fn 

DiSTILUmON  PtiODWCTSfiNC. 

755  RIDGI  ROAD  WEST  •  ROCHESTER  13,  N.  Y. 


570  Lexington  Avo. 
Now  York  22,  N.  Y. 


135  So.  La  Soil#  St. 
Chicago  3,  Illinois 


ManuiactuzmrM  oi  Moleculai  StUlt  and  High-Vacuum  Squipmmat;  DiatiUmn  ol  Oil-Solubit 
Vitamiaa  and  other  Cooceotrotee  /or  5ciejice  and  luduatzy 
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MODEL  100 
ELECTRONIC 
VOLTMETER 


MODEL  220 
DECADE 
AMPLIFIER 


POWER 

SUPPLY 


VRI50 


OOW 


RELAY 


MODEL  402 
MULTIPLIER 


FIG.  2 — Circuit  oi  vacuum-tube  voltmeter 
tued  as  detector  oi  bridge  output 


the  only  VOLTMETER 
featuring  a  timplifled 
LOGARITHMIC  SCALE 


are  connected  as  cathode  followers. 
Both  positive  and  negative  side  of 
the  B  supply  are  stabilized  to  pre¬ 
vent  zero  drift  or  change  of  sensi¬ 
tivity  with  variation  of  line  voltage. 

The  circuit  data  of  the  first  stage 
were  chosen  to  assure  lowest  possi¬ 
ble  grid  leakage.  To  this  effect  the 
plate  current  is  held  around  15  mi¬ 
croamperes  and  the  plate  voltage  at 
34  volts.  At  this  plate  voltage  the 
voltage  between  cathode  and  grid 
will  assume  —2  volts  for  average 
tubes  and  never  fall  below  —1.5 
volt,  which  is  a  safe  value  for  emis¬ 
sion  from  cathode  to  grid.  The 
plate  voltage  is  low  enough  to  cause 
no  gas  current  in  properly  evacu¬ 
ated  tubes. 

The  second  stage  is  designed  to 
keep  the  cathode  current  of  each 
system  amply  above  the  0.5  ma 
necessary  to  give  full  deflection  to 
the  meter  in  either  direction.  This 
keeps  the  working  point  far  from 
the  curvature  of  the  characteristics 


10  MICROVOLTS  to  10,000  VOLTS 


OiSE  BILLlOy  TO  «JV£— This  enormous  range  of 
AC  voltages  —  is  easily  covered  by  the  Model  300 
V  oltmeter.  Model  220  Decade  Amplifier  and  Model 
102  Multipliers  illustrated  above.  The 
2%  at  any  point  on  the  meter  scale. 


accuracy  is 
over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  300 
\ oltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated) 
supplies  accurately  standardized  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,000  volts  fidl  scale. 

ILeacriptive  Biilletm  I\o.  10  Available 

BALLANTINE  LABORATORIES,  INC. 

BOONTON,  NEW  JERSEY,  U.S.A. 


ELECTRONICS 


•  > 


MANUF  ACTURINO  StNCE  1901  AT  NE\MARK  N  J 


Uniform  Characteristics 
Correct  Termination 
Vacuum  Impregnation 
Infra-Red  Pre-heating 
Vacuum  Filling 
Induction  Soldering 
Vacuum  Immersion  Testing 
Mechanical  Strength 
Continuous  Inspection 


Winding  Ceils 


VecuHm  hnpregnetien 


AmerTran  Hermetically  Sealed  Transformers  have  all  the 
^  quality  factors  listed  in  the  above  panel.  And  that’s 
not  all.  All  along  the  line,  in  the  fabrication  of  parts  and  in 
assembly  our  employees  are  alert  to  turn  out  only  the  best  in 
workmanship.  For  they  know  that  nothing  less  than  the  best 
insures  customer  satisfaction. 


AmerTran  quality  plus  AmerTran  capacity  and  facilities 
assure  you  of  an  adequate  supply  of  high  quality  transformers 
to  meet  your  production  schedules. 


lndw«H«it  Soldering 


AMERICAN  TRANSFORMER  COMPANY 

178  Emmat  Sfraat  •.  Nawork  5,  Naw  Jarsay 


immorsien  Vacuum  Totting 
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FIG.  3 — Stabilizer  circuit  for  low  d-c 
Toltage 

and  insures  linearity  of  response. 
Accordingly  the  scale  could  be  cal¬ 
culated  and  no  correction  was  nec¬ 
essary  for  increase  or  decrease  of 
mutual  conductance  of  the  triode 
systems  with  increase  and  decrease 
of  plate  current  within  the  range 
of  the  instrument. 

Stabilizing  Circuit 

The  voltage  output  of  a  Wheat¬ 
stone  bridge  depends  only  on  the 
applied  voltage  and  on  the  resist¬ 
ance  ratio  of  its  arms  but  not  on 
the  actual  resistance  if,  as  is  the 
case  with  vacuum-tube  amplifica¬ 
tion,  no  current  is  drawn  from  the 
output. 

The  instrument  gives  percentage 
deviation  from  any  standard  with¬ 
out  readjustment,  if  the  applied 
voltage  is  kept  constant.  The  con¬ 
ventional  types  of  regulated  volt¬ 
age  supplies  are  not  suitable  for 
such  low  voltages,  because  the  cath¬ 
ode  of  the  power  tube, has  to  be 
held  at  a  voltage  substantially 
above  the  cathode  of  the  preampli¬ 
fier  tube,  to  permit  the  plate  of  this 
latter  to  drive  the  grid  of  the  power 
tube  sufficiently  negative.  By  con¬ 
necting  two  conventional  systems 
in  series  with  each  other  in  such  a 
way  that  their  output  voltages  are 
subtracted  from  each  other,  any 
low  output  voltage  can  be  obtained, 
but  such  a  system  involves  many 
components,  heavy  losses  and  a  rel¬ 
atively  high  percentage  of  varia¬ 
tion  of  the  small  difference  voltage 
even  for  relatively  low  percentage 
variations  of  the  two  large  voltages 


The  location  of  condensers  and  other  variable 
elements  in  electronic  equipment  is  pretty  defi¬ 
nitely  fixed  by  considerations  of  circuit  efficiency, 
easy  assembly  and  wiring. 


Likewise,  the  location  of  their  control  knobs  is 
fixed  by  considerations  of  convenient  operation 
and  harmonious  panel  appearance. 


This  creates  the  problem  of  providing  a  me¬ 
chanical  operating  link  between  the  knobs  and 
the  elements. 


S.  S.  White  flexible  shafts  ore  ideal  for  this  pur¬ 
pose.  They're  not  only  readily  adaptable  to  both 
knobs  and ’elements  regardless  of  their  relative 
locations,  but  they  also  provide  tuning  that  is  as 
smooth,  sensitive  and  slip-proof  as  a  direct  con¬ 
nection. 


THIS  260-PAGE  FLEXIBLE  SHAFT  HANDBOOK 
GIVES  FULL  DETAILS 


A  free  copy  will  be  mailed  if  you  write  for 
it  on  your  business  letterhead  and  men¬ 
tion  your  position. 
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GERMANIUM 
DIODES? 
1N34  A 
1N38  ^ 
1N39  ^ 


DUO-DIODES? 

1N35 


VARISTORS? 

1N40 

1N41 


SILICON  DIODES? 

1N21B  1N25 

1N21C  1N26 

1N22  1N31 

1N23B  1N32 


Silicon  crystal  diodes  for  first  detectors  in 
microwave  receivers,  high  level  video  detectors, 
microwave  instrument  use  .  .  .  germanium  crystal 
diodes,  duo-diodes  and  varistors  for  a 
multitude  of  AM,  FM  and  television  applications 
...you'll  find  them  all  in  the  Sylvania  line. 

Keep  abreast  of  Sylvania  research  on  new 
crystal  diode  applications.  The  coupon  at  right 
will  place  you  on  the  mailing  list  for  Sylvania's 
new  series  of  Engineering  News  Letters. 


Sylvania  Electric  Products  Inc. 

Electronics  Division,  Dept.  E*1008 
500  Fifth  Avenue.  New  York  18,  N.  Y. 

Gentlemen : 

Please  send  me  descriptive  literature  on  silicon  and 
germanium  crystals  and  place  me  on  your  mailing  list 
for  the  Sylvania  Engineering  News  Letters. 

I  am  primarily  interested  in  (check  one) : 

LJ  Communications  and  Industrial  Electronics;  [3  Radar 
and  Microtcaves;  Q  Radioactivity. 


Poeition. 


0>mpany - 

Street  Address 


Electronics  Division,  500  Fifth  Avenue,  New  York  18,  N,Y. 
ELECTRONIC  DEVICES;  RADIO  TUBES;  CATHODE  RAY  TUBES;  PHOTOLAMPS; 
FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 


MAIL  COUPON  fOk  fUKTHER  INFORMATION 
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THERMEX  opens  «p  new  oppertenities 
in  Plastics  Molding  •••  TIMED  by  CRAMER 

Almost  instant  heating  of  preforms  prior  to  molding 
is  possible  with  the  Thermex  Red  Head  high  frequency 
dielectric  heating  unit,  a  development  of  The  Girdler 
Corp.  for  use  in  the  molded  plastics  industry. 

This  device  produces  high  frequency  heat  that 
originates  in  the  material  instead  of  being  applied  to 
it,  resulting  in  a  more  uniform,  stronger  product  .  .  . 

•  os  well  as  increased  production,  simplified  operations 
.  .  .  reduced  time  and  unit  costs. 

The  Thermex  unit  is  equipped  with  a  Cramer  Running 
Time  Meter  and  two  type  TEC  Time  Delay  Relays  that 
control  the  heating  cycle  with  two  distinctly  different 

characteristics  and  in  _ 

any  selected  sequence. 

Another  where 

accurate  control,  de< 
pendable  performance  I 
are  assured  by  Cramer  ■■B' 


FIG.  4 — In  this  detailed  circuit  oi  the 
Toltaqe  stabiliser,  two  stabilised  stages  are 
connected  in  cascade.  The  resistor  in  the 
plate  circuit  of  the  8L6  is  \ised  to  reduce 
plate  dissipation 

that  are  subtracted  from  each  other. 

The  voltage  regulating  system  of 
Fig.  3  and  Fig.  4  allows  regulating 
of  any  low  output  voltage  down  to 
zero  by  the  simple  means  of  con¬ 
necting  the  grid  of  the  power  tube . 
to  a  voltage  divider  between  the 
plate  of  the  preamplifier  and  a  sub¬ 
stantially  negative  potential  (say 
—300  volts).  Then  the  grid  of  the 
power  tube  will  assume  a  voltage 
substantially  below  the  voltage  on 
the  plate  of  the  preamplifier  and 
still  follow  the  voltage  variations 
of  the  former. 

Meter  Protection 

The  meter  is  disconnected  by  a 
relay  whenever  the  unknovm  ter¬ 
minals  are  empty  or  if  the  resistor 
across  them  is  outside  preset  limits. 
This  operation  could  be  accom¬ 
plished  by  a  sensitive  relay  con¬ 
nected  in  series  with  the  movement 
and  shorting  it  out  at  overcurrents. 
But  such  relay  would  have  to  oper¬ 
ate  on  very  low  currents  in  either 
direction  and  it  would  be  hard  to 
have  it  act  quickly  enough  before 
the  meter  would  overswing. 

To  provide  for  the  limit  of  relay 
action  to  be  adjustable  in  either  di¬ 
rection  of  overload,  the  circuit  of 
Fig.  5  was  provided.  The  bridge 
output,  after  it  had  passed  the  first 
cathode  follower,  is  applied  to  the 
grids  of  the  6SL7,  amplified  and 
applied  to  the  grids  of  the  6SN7. 
In  balance  both  sides  of  this  tube 
are  cut  off,  the  limit  of  unbalance 
in  which  either  side  will  conduct 
being  adjusted  by  the  grid  poten¬ 
tiometers.  By  using  a  voltage 
divider  circuit  similar  to  that  em¬ 
ployed  in  the  voltage-stabilizer  por¬ 
tion  of  the  instrument  it  is  possible 
to  use  d-c  amplification  with  the 


TIME  DELAY  RUNNING  TIME 
RELAY  METER 


A  WIDELY  USED  CRAMER  DEVICE 
. . .  THE  SYNCHRDNDUS  MDTOR 


Precision  built,  this  com- 
pact,  dependable  perma¬ 
nent  magnet  type  motor  is 
the  ideal  power  plant  for 
time  control  instruments  re¬ 
quiring  constant  speed  at  o 
given  frequency.  For  com¬ 
plete  information,  write  for 
Bulletin  tOA. 


6CR40 
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As  electrical  coDStituents  go,  permanent  magnets  are  rela* 
tively  new.  They  made  tremendous  advances  within  the  past 
decade,  especially  in  the  communications  and  aviation 
industries,  and  in  the  general  fields  of  instruments,  controls, 
meters  and  mechanical  holding  devices. 

Many  of  these  uses  were  problems  that  just  couldn’t  be 
solved  until  permanent  magnet  materials  were  developed  to 
do  the  job — a  work  of  pioneering  to  which  Arnold  con¬ 
tributed  a  heavy  share.  Many  other  applications  were  those 
where  permanent  magnets  supplanted  older  materials 
because  of  their  inherent  ability  to  save  weight,  size  and 
production  time,  as  well  as  greatly  improve  the  performance 
of  the  equipment. 

To  these  advantages,  Arnold  Permanent  Magnets  add 
another  very  important  value — standards  of  quality  and 
uniformity  that  are  unmatched  within  the  industry.  Arnold 
Products  are  100%  quality-controlled  at  every  step  of  manu¬ 
facture.  What’s  more,  they’re  available  in  all  Alnico  grades 
and  other  types  of  magnetic  materials,  in  cast  or  sintered 
forms,  and  in  any  shape,  size  or  degree  of  finish  you  need. 
•  Let’s  get  our  engineers  together  on  your  magnet  applica¬ 
tions  or  problems. 


THE  AKNOLD  ENGINEERING  CO 


Subsidiary  of 

ALUGHENYUIDLUM  STEEL  CORPORATION 

147  East  Ontario  Street,  Chicago  11,  Illinois 

MptiaIkH  and  Lmadmn  in  tha  Daaign.inginaarinti  and  Manvfattvra  of  PBtMAMENT  MAOMtTS 


W&D  1296 
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TUBES  AT  WORK  (cMtiiiMed 

second  stage  having  its  cathode  at 
a  potential  below  the  grid  of  the 
first  stage. 

Limitations  and  Performance 

The  range  of  the  instrument  is 
limited  at  the  low  end  by  the  cur¬ 
rent  available  from  the  regulated 
supply  and  at  the  high  end  by  the 
ability  of  the  first  tube  to  work  at 
high  grid  impedance.  The  low  limit 
can  be  transgressed  by  using  an  out-  ’ 
side  battery,  if  the  standard  and 
unknown  will  both  stand  the  watt¬ 
age  developed  in  them. 

The  maximum  power  appearing 
in  a  standard  of  100  ohms  in  case 
of  short  circuit  across  the  unknown 
terminals  is  1.44  watt;  the  maxi¬ 
mum  power  that  can  be  delivered 
across  the  unknown  terminals  if  a 
1 00-ohm  resistor  is  inserted  in  the 
standard  terminals  is  0.36  watt.  If 
the  battery  voltage  is  not  exactly  12 
volts,  the  full-scale  adjustment  has 


FROM  VTVM 
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In  the  field  of  electronics  and  the  electrical 
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goods  industry,  MOSINEE  stands  for  paper-base 
processing  materials  with  scientifically 
controlled  chemical  and  physical  properties,  high 
quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
creped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and 
production  requirements. 


FIG.  5 — If  the  vtTm  is  overloaded  in  either 
direction,  one  triode  of  the  6SN7  energizes 
the  relay 


to  be  readjusted  and  the  readings 
will  be  as  accurate  as  with  the 
stabilized  voltage. 

Best  use  of  the  instrument  can 
be  made'  for  sorting  resistors  in 
groups  of  one-percent  apart.  In 
this  service  600  pieces  per  hour  can 
be  easily  sorted  out.  One  unit  has 
been  in  continuous  use  in  the  Clip- 
pard  Instrument  Laboratories 
(makers  of  the  instrument)  for 
two  years.  Readjustment  of  zero  or 
full-scale  adjustment  was  not  nec¬ 
essary  for  stretches  of  many  weeks. 
On  all  instruments  shipped  not  a 
single  complaint  or  request  for  re- 


MOSINEE  PAPER  MILLS  COMPANY  •  MOSINEE,  WIS. 
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"Carborundum”  and  "Glohar”  are  registered  trademarks  which  indicate  manufacture  by  The  Carborundum  Company 
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WIRING  DIAGRAM 

Typical  circuit  utilizing  selenium  rectifier 
and  GLOBAR  Type  F  resistor. 


^^7  PfLOT 
d./GA/r 


^'GLOBAR"  7 
TYPE  P 

pas/sroR 


TEMfIRATURE  CHART  (abov*  Ufl)  — Note  the  extreme  temperature  sensitivity  of 
the  GLOBAR  Type  F  resistors  pointed  up  in  the  steepness  of  this  typical  curve. 

FILAMENT  CHART  (abov*  right)  —  This  chart,  illustrating  the  shock  absorbing 
quality  of  GLOBAR  Type  F  Resistor,  shows  how  both  pilot  lights  and  tubes  are 
protected  from  the  sudden  inrush  of  current  when  the  set  is  turned  on.  This  protec¬ 
tion  insures  longer  life  from  the  tubes;  moreover,  the  tubes  reuin  their  original  per¬ 
formance  characteristics. 


1  Protection  against  premature  failure  of 
pilot  lights  and  radio  tubes. 

2  Undistorted  audio  output  multiplied. 

3  Manufacturing  and  service  costs  reduced. 

4  Wiring  circuits/simplified. 

5  Quality  and  efficiency  of  receiver  increased. 


A  good  way  to  check  these  claims  is  to  run  tests  in  your  own 
plant.  We  will  be  glad  to  supply  sample  resistors.  Merely  send  us 
a  diagram  of  your  test  circuit  so  we  may  send  you  resistors  of  cor¬ 
rect  specifications.  There  is  no  obligation,  of  course.  We  want 
you  to  prove  to  your  own  satisfaction  that  the  use  of  GLOBAR 
resistors  and  selenium  rectifiers  will  improve  receiver  performance 
at  lower  cost.  The  Carborundum  Company,  Globar  Division, 
Niagara  Falls,  New  York. 


This  wiring  diagram  illustrates  a  simple  and  practical  method 
of  building  big  set  performance  into  conventional  AC-DC 
receivers.  The  accompanying  charts  help  explain  how  this 
is  accomplished  with  selenium  rectifiers  anti  GLOBAR  Type  F 
Resistors.  Selenium  rectifiers  provide  a  source  of  low  loss  DC 
power  and  GLOBAR  temperature  sensitive  resistors  compensate 
fot  the  positive  resistance-temperature  characteristic  of  radio  tubes 
and  pilot  light  filaments.  The  high  initial  resistance  of  GLOBAR 
Type  F  resistors  prevents  sudden  inrush  of  high  currents  which 
shorten  tube  life  and  burn  out  pilot  lights,  thus  insuring  contin¬ 
uous  maximum  tube  performance. 


Of  many  benefits  reported,  five  are  particularly  significant. 


GLOBAR  Ceramic  Resistors 

BY  CARBORUNDUM 

TRADE  MARK  ^ 
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BENDIX-SCINTILLA 

the  finest  ELECTRICAL  CONNECTORS 
money  can  build  or  buy! . 


I!  - 


t  'r*v 


AND  THE  SECRET  IS  SCINFLEX! 

Bendix-Scintilla*  Electrical  Connectors  are  precision-built  to 
render  peak  efficiency  day-in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  "Scinflex”  dielectric  material, 
a  new  Bendix-Scintilla  development  of  outstanding  stability, 
makes  them  vibration-proof,  moisture-proof,  pressure-tight, 
and  increases  flashover  and  creepage  distances.  In  temperature 
extremes,  from  — 67“  F.  to  +300“  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  mil. 

The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  tne  industry. 
Bendix-Scintilla  Connectors  have  fewer  parts  than  any  other 
connector  on  the  market — an  exclusive  feature  that  means 
lower  maintenance  cost  and  better  performance. 

U.S.  PAT.  OFF. 

Write  our  Sales  Department  for  detailed  information. 

•  Meishira-proof,  Pr«stur«-Hghl  •  Radio  QuM  •  Singlo-pioc*  IntorH 

•  Vibrolien-proef  •  Light  Weight  High  Arc  Rositlonce  • 
Easy  Assembly  and  Disassembiy  e  Less  parts  than  any  other  Connecter 

Available  in  all  Standard  A.N.  Contact  Configurations 


BENDIX 
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Mechaniced  arrangement  and  current  dio 
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AUDIO  and  ULTRASONIC  OSCILLATOR 
Distortion  •  Uniform  Output  •  Excellent  Stobility 


THIS  oscillator  was  designed  to  fill  the  need  for  a  wide  range,  continuously  adjustable 
instrument  for  laboratory  measurements  of  gain,  distortion,  impedance  and  frequency 
response  at  frequencies  well  above  the  audio  range. 

With  a  single  calibrated  dial  and  four  push-button-controlled  multipliers  the  Type 
1302-A  Oscillator  covers  the  range  of  10  to  100,000  cycles.  Because  of  its  wide  fre¬ 
quency  range,  high  stability  and  flat  output  this  oscillator  is  particularly  suited  to  taking 
frequency  response  charaaeristics  on  amplifiers,  telephone  lines,  filters  and  other  such 
circuit  elements. 

FEATURES 

•  WIDE  FREQUENCY  RANGE  —  10  to  100,000  cycles  —  180  degree  ro- 

tation  of  dial  covers  the  10  to  100  cycle  decade,  panel  push  buttons 

add  in  decade  steps 

•  ACCURATE  CALIBRATION  —  adjusted  within  ±  (lV2%  +  0.2  cycle) 

•  LOW  DISTORTION  —  less  than  1%  at  any  frequency 

•  SMALL  FREQUENCY  DRIFT  — less  than  1%  in  first  10  minutes;  less 

than  0.2%  per  hour  thereafter 

•  FREQUENCY  DRIFT  CONSTANT  PERCENTAGE  OF  OPERATING  FRE¬ 

QUENCY  —  particularly  helpful  with  bridge  measurements  at  low 

frequencies 

•  CONSTANT  OUTPUT  VOLTAGE  —  within  ±1.0  db  over  whole  range; 

20  volts  open  circuit  on  5,000-ohm  output,  10  volts  on  600  ohms 

•  STABILIZED  SUPPLY  —  compensated  for  transient  line  voltage  surges 

and  average  line  voltage  variations  between' 105  and  125  (210  and 

250)  volts 

•  VARIABLE  CONDENSER  FREQUENCY  CONTROL  —  avoiding  contaa 

difficulties  often  found  in  variable  resistance  control 

•  TWO  SEPARATE  OUTPUT  CIRCUITS  —  balanced  600  ohm  and 

unbalanced  5,000  ohm 
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TYPE  1302-A  oscillator 


rrent  dia 


electronics  —  August,  1948 


TRONICS 


t 


UNlVERStTV  OF  MiClHQAN  LIBRARIES 


363  EAST  75th  STREET 


TRANSMISSION  LINES  FOR  AM.  FM.  TV  •  DIRFCTIONAl  ANTENNA  EQUIPMENT  •  ANTENNA 
TUNING  UNITS'TOWER  LIGHTING  EOUIPMENT  •  CONSULTING  ENGINEERING  SERVICE 


TUBES  AT  WORK  (cenHniMti) 

57 A  is  shown  in  the  drawing.  The 
antenna  is  fed  from  the  coaxial 
transmission  line  at  the  lower 
right,  and  is  matched  to  the  trans¬ 
mission  line  by  use  of  the  matching 
stubs.  A  conventional  balanced-to- 
unbalanced  transformer  at  the  base 
of  the  antenna  connects  the  coaxial 
transmission  line  to  the  six-wire 
balanced  line.  A  single  end  seal  for 
the  coaxial  line  is  employed  at  this 
point.  The  six-wire  line  runs  ver¬ 
tically  up  the  inside  of  the  antenna 
to  feed  the  radiating  elements  with 
the  polarity  as  shown  in  the 
antenna  current  diagram. 

For  half-wave  spacing,  adjacent 
radiating  units  are  mounted  on 
alternate  legs  of  the  tower  to  com¬ 
pensate  for  the  phase  reversal.  As 
the  middle  of  each  radiating  ele¬ 
ment  is  a  neutral  point,  the  radiat¬ 
ing  elements  are  firmly  attached  to 
the  grounded  structure  members  at 
that  point. 

The  structure  is  designed  to  sup¬ 
port  a  television  antenna.  The 
television  antenna  may  be  fed  from 
transmission  lines  fastened  to  the 
supporting  structure  members  on 
the  inner  side  of  the  67A  where 
they  will  not  disturb  the  radiated 
f-m  pattern. 


wGN-Tv 

W  SELECTS  ANDREW 
TELEVISION  TRANSMISS^N 
^  -LINE  ANDREW  ^ 
.^INSTALLATION  SERVICE^ 


Many  of  America’*  new  television  stations  are  selecting  Andrew  equip¬ 
ment  because  of  the  efficiency  of  Andrew’s  flanged  coaxial  transmission 
line  and  the  added  advantage  of  having  Andrew  consulting  en¬ 
gineers  install  it. 

Because  each  television  installation  poses  its  own  different,  individual 
problem,'  those  stations  selecting  Andrew  have  two  big  advantages: 
1)  they  obtain  transmission  line  and  accessories  specially  designed  for 
television,  and  2)  specialized  Andrew  consulting  engineers  are  avail¬ 
able  to  direct  the  installation.  These  engineers  have  both  the  special 
instruments  and  the  experience  to  engineer  all  or  any  part  of  the 
construction  of  a  television  station.  NO  OTHER  TRANSMISSION 
LINE  MANUFACTURER  OFFERS  YOU  THIS  COMPLETE  IN¬ 
STALLATION  SERVICE! 

Andrew  TV  transmission  line  meets  official  RMA  standards  and  is 
specially  designed  for  television.  Mechanically,  it’s  held  to  close 
television  tolerances  assuring  an  essentially  ’’flat”  transmission  line 
system. 

Fabricated  in  twenty  foot  lengths  with  brass  connector  flanges  silver 
brazed  to  the  ends,  sections  can  be  easily  bolted  together  with  only 
a  couple  of  small  wrenches.  Flanges  are  fitted  with  gaskets  so  that 
a  completely  solderless,  gas-tight  installation  results.  Markings  on 
the  outer  conductor  indicate  where  twenty  foot  sections  may  be  cut  to 
maintain  the  characteristic  S1.5  ohm  impedance. 

WANT  A  TELEVISION  STATION  DESIGNED  AND 
built— FROM  THE  GROUND  UP?  LET  ANDREW 
DO  IT! 

Write  today  for  full  details.  Andrew  will  get  you  on  the  air. 


Polyphase  Power 
Synchroscope 

By  E.  B.  Kurtz  and  R.  H.  Burkhardt 

The  State  University  of  Iowa 
Iowa  City,  Iowa 

The  electronic  polyphase  power 
synchroscope  to  be  described  indi¬ 
cates  the  state  of  synchronism  of 
two  polyphase  power  systems.  It 
not  only  shows  the  correct  moment 
for  closing  a  switch  connecting  two 
generators  in  parallel  or  a  gener¬ 
ator  to  a  power  line,  but  also  gives 
a  continuous  indication  of  the  rela¬ 
tive  voltages,  frequencies  and 
phase  rotations.  The  application 
of  a  cathode-ray  tube  employing  a 
polyphase  deflection  system  elimin¬ 
ates  all  moving  parts  and  permits 
the  inspection  of  all  phases  simul¬ 
taneously. 

A  conventional  cro  minus  sweep 
circuits  may  be  used  for  the  cath¬ 
ode-ray  synchroscope  by  the  addi¬ 
tion  of  a  polyphase  deflection  sys¬ 
tem.  Electrostatic  plates  or  mag¬ 
netic  coils  are  arranged  so  that 


Ttleyition  antenna  of  WGS-TV  —  Chicago’s 
newest  and  most  powerful  television  station — 
showing  Andrew  ISIS”  flanged  television  trans- 
mission  line. _ 
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BASIC  ELECTRONIC  INSTRUMENTS 
QUICK,  ACCURATE  OBSERVATIONS 
Eliminate  tedious  calculations  .  . 


THE  BfEGAEYZEH 

ObMrr*  aimultaaMusIr  cdl  aigsala  in  0x17  iraquracy  sweap  band 
30  me/u  wid*  within  th«  VHF  rang*  oi  30  to  300  mc/s.  SnnsitiTitr 
ol  b*tt«r  than  200  mieroTolts,  pennitting  oparabon  direcUy  irom  on 
antenna.  Narrow  iroquoncy  roiolution  oi  100  he. 

May  bo  used  to  moko  propagation  and  coTorago  studios ,  analysis 
oi  pubod  oscillator  spoctrums  and  also  as  a  wide  range  swooping 
os^lator  signal  source. 

Priced — $895  f.  o.  b.  factory 


THE  MEGA-i»H  EAiA* 

Wide  Range  Swooping  Oscillotor 
DISPLAYS  PASS  BAND.  .  . 

FEATURES:  Frequency  Range — 50  Kilocycles  to  500  megacycles 
and  up  .  .  .  Frequency  Sweep  Adjustable  irom  30  megacycles  to 
30  kilocycles  throughout  the  complete  spectrum  .  .  .  Continuously 
Toriable  attenuator  .  .  .  Low  amplitude  Modulation  while  swestping 
— less  than  0.1  DB  per  megacycles  .  .  .  Precision  woremeter.  High 
a>''t  IsTsl  output.  Sweep  Toltage  output  for  dricing  oscillo¬ 

scope. 

Priced — $395  f.  o.  b.  factory 


THE  MEGA-3IARKER  SR. 

The  only  13  Channel  Cryatal^Controlled  Marker  OsciUator  for  Ropid. 
Accurate  Alignment  oi  Television  Receivers. 

Features:  Crystal  Accuracy  0.01%.  Signal  Dial  Operation.  Pro 
vides  a  Sound  Carrier  Frequency  ior  eoch  television  channeL 
The  MEGA-MARKER  SR.  con  be  used  in  application  employing  thr> 
Mega-Sweep  to  visually  align  the  local  oscillator  lor  all  thirtee:. 
channels.  It  may  also  be  used  alone  to  accomplish  the  some  pur¬ 
pose  by  using  the  sound  channel  and  a  meter  to  iurnish  an  indica¬ 
tion  oi  discriminator  output. 

Priced — $195  f.  o.  b.  factory 


THE  MEfsA-MATCH 

Simultoneous  Visual  D'splay  oi  Reilected  Energy  in  a  frequency 
band  up  to  30  me  between  10  to  250  me  and  up.  Completely  elec¬ 
tronic.  No  slotted  lines,  moving  parts,  bridges,  or  other  irequency 
sensitive  devices.  Precision  irequency  meter.  Saves  engineering 
time.  Presents  instantly  data  which  would  take  hours  to  tobulate 
Price — $695  f.  o.  b.  factory 


THE  MEGA-MARKER 

Precision  variable  marker  oscillator  for 
use  with  the  Mega-Sweep  having  a  range 
oi  19  to  29  megacycles  ior  the  television 
Lf.  bond.  Crystal  oscillator  ior  the  FM 
iJ.  bond  (10.7  me).  Dial  provides  over  12 
inches  of  calibrated  scale  lenath.  Accu¬ 
racy  oi  marker  frequency  .25%  of  full 
scale. 

Price — $60  f.  o.  b.  factory 


THE  MEGA-PIPPER 

By  the  use  oi  this  unit  in  conjunction  with 
the  MEGA-SWEEP  or  MEGA-MATCH  it  U 
possible  to  quickly  and  accurately  align 
television  receiver  I.F.  amplifiers. 
Features:  Crystal  Accuracy  .01%  Pips  at 
associated  picture  and  sound  and  adja¬ 
cent  picture  and  sound  carrier  frequencies. 
Pips  applied  to  scope  independent  oi  cir¬ 
cuit  under  test — do  not  disappear  when  in 
traps.  One  plim-in  crystal  sets  Pips  in 
proper  R.M JL.  1.F.‘  Frequency. 

Price — $150  (.  o.  b.  factory 


THE  MEGA-PULSER 

Features:  Pulse  Width  0.025,  0.05,  0.1,  and 
0.25  microseconds.  Pulse  Amplitude  100 
volts — at  50  ohm  impedance  positive  or 
negative.  Pulse  Shape;  flat-top  pulses  0.05 
microseconds  and  greater  Pulse  Rise  and 
Fall  Time  less  than  0.01  microseconds.  Pro¬ 
vides  a  spectrum  which  will  more  than 
cover  the  present  video  frequency  ronae. 
Triggers  from  an  internally  or  externally 
provided  pulse.  Variable  repetition  rate. 
Output  pulse  is  delayed  approximately 
0.25  microseconds  to  allow  observation  on 
an  oscilloscope. 

Price — $195  f.  o.  b.  factory 


WRITE  FOR  FULL  SPECIFICATIONS 


KAY  ELECTRIC  CO.,  25  MAPLE  AVE.,  PINE  BROOK,  N.  J. 

Telephone:  CAldwell  6-3710 
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UNlVERStTY  OF  MICHIGAN  LIBERIES 


TUBES  AT  WORK 
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MIDGET 

all-pur|Mse  relay 


WHERE 

BASIC 

DESIGNS 

IN 

ELECERIC 

CONTROLS 

ARE 

RESUIT- 

ENGINEERED 

FOR 


Multiple  pole— positive  contact, 
features  Ward  Leonard  106  Relay 

An  all-purpose  relay.  Ward  Leonard’s  106 
Midget  is  designed  for  positive  contact  and 
long  life.  Solid  floating  contact  support 
and  compression  spring  loading  assures 
positive  contact  with  generous  wipe  usually 
obtained  with  individual  flexible  contact 
fingers.  Normally  closed  contacts  are  free- 
floating  for  greater  reliability.  Available  in 
a  dozen  or  more  multiple  contact  arrange¬ 
ments. 

Here  is  another  example  of  Ward  Leonard 
“Result-Engineering”.  By  modifying  a  basic 
design.  Ward  Leonard  can  give  you  the 
results  of  a  special  .  .  .  for  the  cost  of  a 
standard. 

Write  for  Bulletin  106.  Ward  Leonard 
Electric  Co.,  31  South  St.,  Mount  Vernon, 
N.  Y.  Offices  in  principal  cities  of  U.  S. 
and  Canada. 


WARD  LEONARD 

ELECTRIC  COMPART 

RESISTORS  •  RHEOSTATS  .  RELAYS  •  CONTROL  OEVICES 


FIG.  1 — Three-phase  magnetic  deflection 
system  for  a  three-inch  cathode-ray  tube 

the  voltages  obtained  from  the 
machines  to  be  synchronized  cause 
deflections  along  as  many  axes  as 
there  are  phases.  An  example  of 
a  three-phase  magnetic  deflection 
system  is  illustrated  in  Fig.  1  and 
2.  The  position  of  magnetic  de¬ 
flection  coils  placed  around  the 
cathode-ray  tube  for  a  three-phase 
synchroscope  is  shown  in  Fig.  3 
and  4.' 

When  a  single  set  of  deflection 
coils  is  used,  two  connections  to  the 
systems  to  be  synchronized, 
straight  and  crossed,  are  possible 
The  straight  connection  for  three 
phases  is  shown  in  Fig.  5. 

When  the  straight  connection  is 
used,  a  circle  of  variable  magnitude 
is  obtained  on  the  screeen.  The 
diameter  is  determined  by  the 
voltages  of  the  two  systems  and  the 
phase  angle  between  them.  When 
the  two  systems  have  slightly  dif¬ 
ferent  frequencies,  the  relative 
phase  angle  will  be  continuously 
changing  which  will  cause  the  cir¬ 
cle  diameter  to  vary  at  a  rate  de¬ 
pending  upon  this  difference. 

If  the  voltages  are  exactly  equal 
and  in  such  phase  position  as  to 
oppose  each  other,  a  circle  of  zero 
diameter,  or  spot,  is  observed  on 
the  screen.  If  a  switch  connecting 
the  two  systems  is  closed  at  this 
instant,  no  voltages  will  be  present 


FIG.  2 — Schematic  of  three-phoM  deflection 
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There’s  a  Beckmen 


(Trade  Mark  of  the  HELIcal  ■  POTentiometer) 


to  simplify  YOUR  Potentiometer— Rheostat  Problems! 


HELIPOT'S  Wide-Range,  High-Precision  Control 
Advantages  Available*  in  Many  Sizes  of  Units 


11 11 1  —the  original  helical  potentiometer— 
I*  ^  '  has  proved  so  popular  in  modern¬ 
izing  and  simplifying  the  control  of  electronic  cir- 
cuitSy  that  many  types  and  sizes  of  HelipoU  have 
been  developed  to  meet  various  potentiometer-rheo¬ 
stat  problems.  Typical  production  Helipot  units 
include  the  following  . . . 


MODEL  B— Case  diameter— 33"; 
Number  of  turns- 15;  Slide  wire 
length— 140%";  Rotation— 5400” ; 
Power  rating— 10  watts;  Resistance 
ratings— 50  to  200,000  ohms. 


MODEL  A— Case  diameter— 1.8"; 
Number  of  turns  — 10;  Slide  wire 
length— 46%";  Rotation— 3600®  ; 
Power  rating— 5  watts;  Resistance 
ratings— 10  to  50,000  ohms. 


wide  choice  Of 

V/."'  ’.st*^*”"^' 1 

»c..  If  ,1 «» « ^ 

^  AvoilobU  modibao  i 

i,  ...o"®  advantages  i  -oolicattons- 
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MODEL  C-Case  diameter— 1.8"; 
Number  of  turn s— 3 ;  Slide  wire 
length  — 13.5";  Rotation- 1080*  ; 
Power  rating— 3  watts;  Resistance 
ratings— 5  to  15,000  ohms. 

SPICIAL  MODELS 


In  addition  to  the  obov*  standard  Hmlipot  units,  special  models 
in  production  include  . . . 

MODEL  D  Similar  !•  Model  B.  above,  but  longer  aifd  wllb  grealer 
lenelk  of  slide  wire.  Case  diameter^-a.S"  |  NuEnber  of  frea  i 
Slide  wire  lenelb— 234' |  RotalioiE— 9000*  t  Power  ralino— IS 
wall*t  Retislanee  ralinco— lOO  lo  300,000  obm*. 

MODEL  E^^Similar  lo  Model  B,  but  longer  and  witb  frealer  lenetb 
of  elide  wire  iban  Model  D.  Caec  diameter— 3.3' |  Number  of  tiira« 
— 40t  Slide  wire  lenetb— 373'|  RolalioBr— 14,400*  (  Power  ratine 
—20  walls t  Resislaneo  ratine*— ISO  to  500,000  obms. 

Send  for  HIUPOT  literature  f 


THE  Hslipotc 


ORPORATION 


1011  MISSION  STREET 
SOUTH  PASADENA  2,  CALIFORNIA 


(coaHnutd) 


I  'from 

corocoiL 


FIG.  3 — Set  of  dofloetton  colls  mountod  on 
a  cathodo-roy  tub# 

to  cause  circulating  currents.  When 
the  rms  voltages  of  the  two  systems 
are  not  exactly  equal,  the  rms  volt¬ 
age  between  them  will  never  be 
zero.  The  minimum  diameter  of  the 
circle  then  indicates  the  difference 
of  the  voltages. 

The  condition  of  maximum  volt¬ 
age  between  the  two  systems  is  in¬ 
dicated  by  a  circle  of  maximum  di¬ 
ameter.  The  voltage  at  this  instant 
is  the  sum  of  the  voltages  of  the 
two  systems  and  may  be  deter¬ 
mined  by  measuring  the  circle  di¬ 
ameter  which  is  directly  propor¬ 
tional  to  the  applied  voltage.  If  the 
directions  of  phase  rotation  are 
not  the  same,  a  line  or  narrow 
ellipse  instead  of  a  circle  will  be 
indicated  on  the  screen. 

The  usual  straight  connection  of 
lamps  for  indicating  synchronism 
shows  a  direct  relation  between 
the  brilliancy  of  the  lamps  and  the 
diameter  of  the  circle  on  the  screen. 
The  oscilloscope  method  gives  a 
better  indication  for  two  reasons; 
First,  the  action  of  the  oscillo¬ 
scope  is  instantaneous,  since  it  is 
dependent  for  operation  upon  the 
instantaneous  value  of  the  voltage 
rather  than  upon  a  heating  effect. 
Second,  a  small  residual  circle  indi¬ 
cating  unequal  voltages  is  easily 


COTO-COIL'S  30  years  of  experience  .  .  a 
modern  plant  .  .  latest  equipment  and  skilled 
operators  make  it  possible  to  produce  coil 
windings  promptly  and  efficiently. 

If  your  product  calls  for  coil  windings,  we 
can  serve  you  well. 

Send  Us  Your 
Specifications  For 


BOBBINS  •  PAPER  INTERLEAVE 
ACETATE  INTERLEAVE  •  COTTON  INTERWEAVE 
TAPED  FORM  WOUND 

UNIVERSAL  SINGLE  OR  MULTI  PIE  CROSS  WOUND 


COTO-COIL  CO.,  INC 

_  COIL  SPKIALISTS  SINCE  1917 
^6S  Pavilion  Ave.,  ProvklMco  5,  R/  I.  - 


FIG.  4 — ^Magnetic  colli  mounted  on  on 
oidlloicope 
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MAKE  A  BIG  DIFFERENCE  IN  RELIABILITY 


WEIGHT 


Under  the  most  severe  conditions  in  which  your  electronic  instal¬ 
lations  are  expected  to  operate,  Bendix*  regulated  dynamotors  will 
deliver  dependable,  uniform  voltage.  You  can  count  on  them  to  last 
longer,  too,  because  they  are  manufactured  with  the  same  painstaking 
care  which  has  made  Bendix  Aviation  equipment  famous  for  quality 
all  over  the  world.  Before  you  design,  write  our  engineering  depart¬ 
ment  for  detailed  information  on  Bendix  regulated  dynamotors. 

Dyaameters  •  lavarters  •  Coavartors  •  D.C  Matars  •  Carbaa  Pile  Vaitoga  Ragalotors 

RED  BANK  DIVISION  of  |  , 

RED  BANK,  N.  J. 


^  Output  voltaga  constant  within  plus  or 
ntinus  2.5%  at  ratad  laad,  with  as  much 
as  30%  input  voltaga  variation. 


Consistant  afficiancy  of  associotad  aquip- 
mant  undar  axtramas  of  tamparotura, 
humidity,  altituda  and  vibration. 


Allows  tha  usa  of  smallaa,  lightar,  lass 
axpansiva  compononts  in  dasign  of  alac- 
tronic  aquipmant. 


^  Tuba  lifa  matariany  langthanad  dua  to 
narrow  voltaga  tolarancas. 
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y 

UNIVERSITY  OF  MiCHiOAN  LIBRARIES-  ■ 


TUBES  AT  WORK 


(cotitinued) 


flllOv  produces 
of  specialized  precision  products 


THE  H.  A.  WILSON  COMPANY 

105  CHESTNUT  STREET,  NEWARK  5,  NEW  JERSEY 
Branch  Offices:  Chicogo,  Detroit,  Los  Angeles,  Providence 


SPECIALISTS  FOR  34  YEARS  IN  THE  MANUFACTURE  OF  THERMOMEPALS  •  ELECTRICAL 
CONTACTS  >  PRECIOUS  METAL  BIMETALLIC  PROOUCTS  AND  SPECIAL  ALLOYS 


FIG.  5 — The  straight  connection  ior  three 
phoke 

seen  on  the  oscilloscope,  while  the 
lamps  may  be  dark  even  though  a 
small  voltage  difference  exists. 

Crossed  Connection 


The  other  synchroscope  connec¬ 
tion  which  may  be  used  with  a 
single  set  of  coils  is  the  crossed 
connection  shown  in  Fig.  6.  This  is 
equivalent  to  reversing  the  phase 
rotation  of  one  of  the  systems.  A 
straight  line  is  obtained  on  the 
screen  with  this  connection  when 


1.  WiLCO  THERMOMETALS  (Thermostatic  Bimetols) 

All  temperature  ranges,  deflection  rates  and 
electrical  resistivities. 


FIG.  6 — Croued  connection  ior  three  phase 


the  phase  rotations  are  the  same 
and  the  voltages  are  equal.  The 
slope  of  the  line  is  determined  by 
the  relative  phase  position  of  the 
incoming  voltages  and  may  be  made 
to  assume  any  desired  position  at 
the  proper  instant  for  synchroniz¬ 
ing  by  proper  orientation  of  the 
set  of  coils. 


2.  WILCO  ELECTRICAL  CONTACTS  in  silver,  platinum,  tung¬ 
sten,  sintered  powder  metals,  special  alloys.  CONTACT 
ASSEMBLIES  include  fabricated  parts,  contacts  attached 
to  thermometal  or  other  blades,  arms  and  brackets. 


3.  WILCO  CLAD  AND  OVERLAID  COMPOSITE  MATERIALS. 

Precious  metal  clad  strip,  base  metal  clad  strip. 
INLAY  -  OVERLAY  -  CENTERLAY  -  EDGELAY  -  RAISELAY. 
Jacketed  Wire,  silver  on  steel,  copper,  invar  and 
many  other  combinations.  Rolled  Gold  Plate  and 
Gold  Filled  Wire. 


4.  WILCO  SPECIAL  ALLOYS.  Wilco  Ni-Span  C*  has  a 
constant  modulus  over  a  range  of  temperature  from 
— 50°  to  -|-150°F.  Wilco  Special  Alloys  include  low 
and  high  expanding  Ni-Span  Alloys  .  .  .  also  high 
strength  and  high  conductivity  copper  alloys. 


FIG.  7 — Deflection  using  two  sets  of  coils 


Whatever  your  requirements  for  Wilco  Products, 
Wilco  engineers  will  gladly  help  you  meet  them 
successfully. 

*Rwg.  Trad«  Mark  The  lnterna*ional  Nickel  Co.,  Inc. 


The  sum  of  the  voltages  is  indi¬ 
cated  by  the  length  of  the  line. 
Any  voltage  difference  causes  a 
separation  of  the  line  into  an  ellipse 
which  has  a  width  proportional  to 
the  difference.  If  the  phase  rota¬ 
tions  of  the  systems  are  not  the 
same,  a  circle  instead  of  a  straight 
line  will  be  obtained  with  this  con¬ 
nection.  Differences  in  frequency 
are  indicated  by  rotation  of  the 
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Wide  Applicability 

The  -hp-  Model  616A  UHF  Generator  is 
ideal  wherever  precision  ultra-high  fre¬ 
quencies  are  needed  for  measuring  pur¬ 
poses.  Some  of  its  many  uses  include 
determining  of  receiver  sensitivity,  signal- 
noise  or  standing-wave  ratios,  conversion 
gain,  alignment,  antenna  or  transmission 
line  characteristics.  The  instrument  is  light 
and  compact,  occupying  minimum  bench 
space.  It  is  unusually  rugged  of  design  for 
long-term,  trouble-free  operation.  Repairs 
and  replacements,  when  necessary,  are  made 
extremely  easy  by  straight-forward  circuit 
layout  and  ready  accessibility  of  all  com¬ 
ponents. 

The  -hp-  Model  616A  UHF  Signal  Gen¬ 
erator  is  available  for  early  delivery.  Write 
or  wire  today  for  full  technical  details. 

HEWLETT-PACKARD  COMPANY 

1380  A  Page  Mill  Road,  Palo  Alto,  California 
Export  Agents:  FRAZAR  AND  HANSEN 
301  Cloy  Street,  Son  Francisco  11,  California,  U.S.A. 


waves.  R-f  pulse  may  be  delayed  3  to  300 
micro-seconds  with  respect  to  the  external 
synchronizing  pulse.  Output  trigger  pulses 
are  also  available.  They  may  be  simul¬ 
taneous  with  the  r-f  pulse.  Or  they  may  be 
in  advance  of  the  r-f  pulse  from  3  to  300 
micro-seconds. 


Direct  Reading,  Direct  Control 

Carrier  frequency  in  me  may  be  directly 
set  and  read  on  the  large  central  frequency 
dial.  R-f  output  from  the  reflex  klystron 
oscillator  is  also  directly  set  and  directly 
read,  in  microvolts  or  db,  on  the  simplified 
output  dial.  No  calibration  charts  or  inter¬ 
polations  are  necessary.  And  because  the 
unique  coupling  device  causes  oscillator 
repeller  voltage  to  automatically  track 
frequency  changes,  no  voltage  adjustments 
are  necessary  during  operation.  Even  the 
bolometer  circuit  is  automatically  compen¬ 
sated  for  temperature  changes. 


Wide  Range,  Great  Stability 

A  iwist-of-the-wrist  precision  tunes  the  -hp- 
Model  6 16 A  to  any  frequency  between 
1800  and  4(MM)  me.  Accuracy  of  calibration 
is  within  —  1%  and  stability  is  of  the  order 
of  0.005%  per  degree  centigrade  in  am¬ 
bient  temperature.  Line  voltage  changes  of 
il0%  cause  frequency  changes  of  less 

C-W,  F-M,  or  Pulsed  Output  0.02%;. 

R-f  output  ranging  from  0.1  volt  to  0.1  _  _ _ _ _ _ 

microvolt  is  available.  Output  may  be  con-  M  .J., 

tinuous  or  pulsed,  or  frequency  modulated  \  ml  - 

at  power  supply  frequency.  Maximum  de-  Y  An  M t!  ! 

viation  is  approximately  ±5  megacycles.  \  ml  ^  j  I  ^  N  n  m 

Pulse  modulation  may  be  supplied  from  an  [  N. 

external  source  or  provid^  internally.  ^1^  fOR  SPEED 

Pulse  rate  is  variable  between  40  and  4000 
cps,  and  pulse  width  ranges  from  1  to  10 

microseconds.  Internal  pulsing  may  be  ac-  Audio  Frequency  Oscillators  Signe 

curately  synchronized  with  either  positive  Noise  ond  Distortion  Analyzers 

or  negative  external  pulses,  or  external  sine  Square  Wave  Generators  Frequency  Star 
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TUBES  AT  WORK 
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Now  It's  Easy  To 

BUILD  VOLTAGE  STABILITY 
RIGHT  INTO  YOUR  EQUIPMENT 


VOLTAGE  STABILIZER 
HEADQUARTERS 

Since  1927 


Mew 


lighter 
More  Compact 


RAYTHEON  VOLTAGE  STABILIZERS 


insure  Peak  Performance  At  Low  Cost 


Don’t  leave  your  product’s  reputation  for  accuracy  and  reliability  at  the 
mercy  of  fluctuating  line  voltage.  Raytheon  Voltage  Stabilizers  make  it 
easy  —  and  economical  —  to  build  voltage  control  right  into  your 
equipment.  New,  lighter,  more  compact  mcxiels  are  easy  to  install,  require 
little  space,  never  need  adjustment  or  maintenance.  It  costs  so  little  to  be 
sure  your  product  will  never  fall  short  of  top  performance,  due  to  varying 
power  supply.  Why  not  l(X)k  into  it  ?  The  New  Raytheon  line  includes  a 
wide  choice  of  performance  —  engineered  standard  types  —  or  special 
models  can  be  custom-built  to  suit  your  needs.  Get  the  complete  story 
from  “Voltage  Stabilizer  Headquarters’’  today. 


BUILD  THESE  ADVANTAGES  INTO  YOUl 


EQUIPMENT 


*  PotHive  stabilization  of 
output  vottog*  to  within 

±H%. 

*  Stabilization  at  any  load 
within  ratod  capacity. 

*  Quick  respons*.  Stabi- 
Kzm  varying  input  voH- 
ag«  with  1/20  socond. 


Entirely  automatic.  No 
adjustments.  No  ihoving 
parts.  No  maintenance. 
Many  designs  available 
with  low  harmonic  dis¬ 
tortion  of  the  output 
voltage  wave  at  any 
load. 


Single  or  multiple  output 
voltages. 

Stabilizers  can  be  sup¬ 
plied  with  frequency 
compensation. 

Wide  range  of  designs 
including '  hermetically- 
sealed  types. 


RAYTHION  MANUPACTUlING  COMPANY 

Waltham  54,  Massachusetts 


Gentlemen:  Please  send  me  copy  of  your  new  Voltage  Stabilizer  Bulletin  DL-V-304  A. 


Name  .  Position 


Company . 


Street  Address. 


Zone  No . State. 


FIG.  8 — Two  Mts  of  coils  mounted  on  a  c-r 
tube 


line.  The  direction  of  rotation  in¬ 
dicates  which  frequency  is  higher, 
and  the  rate  of  rotation  indicates 
the  order  of  the  frequency  differ- 


Two  Seta  of  Coils 


Two  sets  of  deflection  coils  may 
also  be  used  in  the  synchroscope  if 
desired  by  connecting  one  set  to 
each  system  as  shown  in  Fig.  7  and 
8.  When  the  directions  of  rotation 
are  the  same  for  both  coils,  a  circle 
of  variable  diameter  similar  to  that 
of  the  straight  connection  previ¬ 
ously  described  is  obtained.  How¬ 
ever,  the  diameter  at  the  time  of 
closing  the  switch  may  be  adjusted 
for  minimum,  maximum,  or  any  in¬ 
termediate  value  simply  by  ro¬ 
tating  one  of  the  coils.  Opposite 
phase  rotation  of  one  of  the  sys¬ 
tems  gives  a  line  instead  of  a  circle. 

Reversing  the  rotation  for  one 
of  the  sets  of  coils  can  be  done  to 
obtain  a  rotating  line  similar  to 
the  one  obtained  for  the  crossed 
connection. 

If  it  is  desired  to  obtain  a  spot 
or  a  straight  line  as  with  the  single 
set  of  coils,  the  deflection  sensi¬ 
tivity  of  the  two  sets  must  be  made 
equal.  Multiplier  resistors  may  be 
used  to  adjust  the  voltage  sensi¬ 
tivity. 

In  all  cases  of  the  use  of  a  single 
set  or  two  sets  of  coils,  an  open  line 
in  one  of  the  systems  causes  a 
changing  figure  instead  of  a  con¬ 
tinuous  circle  or  line. 


Theory  of  Operation 


When  balanced  polyphase  volt¬ 
ages  are  applied  to  a  set  of  deflec¬ 
tion  coils  as  described,  a  revolving 
magnetic  field  of  constant  magni¬ 
tude  is  set  up.  The  spot  on  the 
screen  then  traces  a  circle. 

Consider  first  the  case  of  the 
straight  connection.  The  two  gen¬ 
erators  may  be  considered  to  be  in 
series,  each  independently  produc- 
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how  do  you  reach  the 
electronic  market... 


there’s  only  ONE  way... 


its  widely  varied 
personnel 

its  myriad  of  industry 
applications 


When  you  analyze  the  complexiiy  of  Ihe  electronic  market — 
its  world-wide  scope — the  many  industries  in  which  it  plays  so 
important  a  part — the  great  diversity  of  people  concerned  with  its 
many  sided  applications,  it  is  easy  to  realize  the  difficulty  of  reach¬ 
ing  that  market  efficiently  and  economically. 

It  is  difficult  if  not  impossible  to  predetermine  the  title  of  the 
person  to  whom  your  product  brings  an  application  idea,  or  even 
the  industry  in  which  it  may  find  use. 

Put  ELECTRONICS  to  work  digging  out  your  prospects  —  it 
reaches  into  every  niche  of  the  market  —  the  known  and  unknown 
ones.  Don't  overlook  the  more  than  80  titles*  other  than  design  engi¬ 
neer  who  may  be  interested  in  your  products,  and  don't  forget 
that  ELECTRONICS  reaches  thousands  bearing  those  80  odd  titles. 


*Ask  your  local  ELECTRONICS  repre¬ 
sentative  to  show  you  the  complete 
list  of  these  titles.  They  and  the  others 
that  make  up  the  30,000  subscribers 
of  ELECTRONICS  circulation  are  of 
the  men  who  either  direct  or  influ¬ 
ence  the  purchase  of  your  product. 


electronics 

REACHES  EVERY  FIELD  AND  EVERY  INDUSTRY  INTERESTED  IN  ELECTRONICS 


A  McGRAW-HILL  PUBLICATION 


330  WEST  42nd  STREET,  NEW  YORK  18,  N.  Y. 
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VARIABLE  RELUCTANCE 


PHONO-PICKUP 

Second  ^efrtoductioK* 

SERVICEMEN  . . .  Satisfied  customers  are  your  best  salesmen,  and  the 
amazingly  improved  record  reproduction  with  the  LEAR  magnetic 
phonograph  pick-up  is  a  sure  winner  of  these  customers. 

In  this  variable  reluctance  pick-up  LEAR  engineering  has  developed 
a  “knee  action”  permanent  sapphire  stylus  that  steps 'over  surface  noise 
and  actually  transforms  old  style  record  reproduction  into  full,  rich, 
mellow  tones.  It  minimizes  surface  noise  and  assures  full  tonal  beauty 
of  sound  on  all  installations.  Fits  practically  any  pick-up  arm  with¬ 
out  alteration. 


ing  its  own  current  and  its  own 
revolving  field.  If  the  directions  of 
rotation  of  the  two  fields  are  the 
same  and  the  frequencies  are  the 
same,  a  resultant  revolving  field  of 
constant  magnitude  depending  upon 
the  relative  phase  position  is 
formed.  See  Fig.  9A. 

As  the  phase  position  changes, 
the  diameter  of  the  circle  changes. 
If  the  rotations  are  opposite,  a 
straight  line  results.  See  Figure 
9B. 

The  method  using  two  sets  of 
deflection  coils  may  be  explained 
similarly  except  that  the  two  fields 
are  produced  independently  in  sepa¬ 
rate  coils  and  the  deflection  is  a 
resultant  of  the  two  fields. 


FIG.  9A — Production  of  the  circle  pattern. 
At  9B.  the  atraight-line  pattern 


RIP-IOS 
List  Me* 
$12.00 
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I  High  intensity  continuously  oper- 
;  ating  gas  discharge  lamps  are  be¬ 
ing  studied  by  Dr.  J.  N.  Aldington 
'  at  Siemens  Ltd.  (Lancashire,  Eng- 
I  land).  Lamps  from  100  to  20,000 
I  watts  have  been  produced  for  tele¬ 
vision  and  photographic  studio  ap¬ 
plications.  The  lamps  have  hot 
tungsten  electrodes  containing 
I  thoria  sealed  in  quartz  bulbs  and 
completely  water  cooled.  The  arc, 
established  in  xenon,  although 
krypton  has  been  used  also,  gives 
1  light  of  the  same  quality  as  sun 
light.  The  arc  current  is  100 
!  amperes,  giving  several  hundred 
amperes  per  square  centimeter  of 
arc  section  and  an  efficiency  of  25 
to  25  lumens  per  watt. 


This  is  the  reason  more  servicemen  are  turning  daily  to  the  LEAR 
magnetic  phonograph  pick-up  as  a  means  of  extra  profit  with  assurance 
of  customer  satisfaction.  Don’t  wait!  Write  today  for  complete  discount 
price  list. 


LEAR  PRE-AMPLIFIER 


FACTORY  REPRESENTATIVES  —  DISTRIBUTORS: 


A  few  choice  territories  are  still  available  for 
these  and  other  fine  LEAR  electronic  products. 
IV rite  today,  giving  full  details. 


To  Complete  Your 
Sound  Installation 


The  new  improved  LEAR  pre^ampliher  pro- 
sides  additional  amplification  when  used  with 
MP-103  LEAR  magnetic  pick-up.  Connects 
directly  to  old  crvstal  cartridge  input.  I.^ads 
of  convenient  length  are  provided  for  con¬ 
nection  into  existing  equipment.  Two  position 
switch  permits  high  fidelity  response  to  re¬ 
cordings.  Can  be  furnished  with  an  adapter 
to  permit  fast  installation. 


NOTLAME-COR 

the  TELEVISION  hookup  wire 


approved  by 

Unc/erwrifers'  Laboratories  at 


CENTIGRADE 


600 


Designed  to  meet  the  exacting  requirements  of  television,  F-M,  quality  radio, 
and  all  electronic  applications. 

Manufactured  in  all  sizes,  solid  and  stranded.  Over  200  color  combinations. 
Demonstrating  anew  the  Efficiency  and  Economy  of  CORNISH  WIRES  AT  WORK. 

•  Flame  Resistant  •  Heat  Resistant  •  High  Insulation  Resistance 

•  High  Dielectric  •  Easy  Stripping  •  Facilitates  Positive  Soldering 

•  Also  unaffected  by  the  heat  of  impregnation — therefore, 
ideal  for  coil  and  transformer  leads 

COMPUTE  ENGINEERING  DATA  AND  SAMPLES  ON  REQUEST 


"made  by  engineers  for  engineers” 


CORNISH  WIRE  COMPANY,  me 


15  Park  Row,  New  York  7,  N.Y. 


605  North  Michigan  Avenue, 
Chicago  1 1 


AiliWFAauMn  OP  jiHin  wmn  aro  aiiii  pot  ike  tuaitmi  aro  EiicrtoMic  mouiritts 


1237  Public  Ledger  Bldg., 
Philadelphia  6 
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PRIMARIES 


THE  ELECTRON  ART 
(continiwd  from  p  1)0) 

the  commutatign  accurately  enough 
to  avoid  destructive  arcing  in  this 
manner.  Furthermore,  for  efficient 
rectification  of  three-phase  power, 
only  the  phase  having  the  highest 
voltage  at  that  instant  should  be 
operating. 

The  sequence  of  contact  timing 
is  made  such  that 'the  next  phase 
is  closed  just  before  the  conducting 
one  is  opened.  In  this  way  an  op¬ 
posing  circulating  current  is  es¬ 
tablished  through  the  transformer 
secondaries  and  the  contact  that  is 
to  be  opened,  giving  a  resultant 
current  of  zero  at  some  point  in 
the  building  up  of  the  circulating 
current.  This  action  makes  it  pos¬ 
sible  to  open  a  phase  before  it 
passes  through  zero  and  thus  to 
draw  current  from  each  phase  only 
during  the  peak  portion  of  its  cycle. 


FIG.  4 — Element!  of  tnree-phaae  synchro¬ 
nous  contacting  type  rectifier 

I 

To  prolong  the  interval  of  zero 
current  through  the  contacts,  sat¬ 
urable  reactors  are  placed  in  series 
I  with  them.  As  long  as  the  current 
1  is  high,  the  reactors  are  saturated 
and  present  low  inductances.  How¬ 
ever,  when  the  current  approaches 
zero  in  the  phase  about  to  be 
opened,  the  reactor  is  no  longer 
saturated;  its  inductance  is  then 
high.  Hence  during  this  interval 
the  current  is  very  low.  The  ad¬ 
vantage  of  permenorm  5000-Z  is 
that  the  transition  from  low  in¬ 
ductance  (saturation)  to  high  in- 
j  ductance  is  abrupt  and  complete. 

I  There  is  negligible  voltage  drop  in 
I  the  commutating  reactor  during 
the  active  portion  of  the  cycle  so 
that  efficiencies  over  97  percent  can 
be  obtained  with  mechanical  rec¬ 
tifiers  having  capacities  of  10,000 
amperes  at  400  volts  d-c. 

I  (1)  W.  E.  Greene,  Application  of  Mag- 
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DEflECTION  YOKE  SHELLS 
Inside 


S-1 

Diameter 

Length 

3* 

S-4 

2^” 

3" 

3V,«'' 

0-3 

04 

3" 

0  5 

3" 

ZLVS" 

S  6 

24*” 

DEFLECTION  YOKE 


S-3-1 

S-3-2 

13-%*" 

21%2'' 

21%2" 

S-3-3 

1-3-1 

is^*” 

IV 

21%2'' 

2%" 

1-3-2 

2" 

DEFLECTION  YOKE 

RINGS 

S-2 

3" 

y*” 

S-5 

2%- 

3%2'' 

COSMALITE*  TUBES 

For  Television  deflection  yokes 

ThM*  ■pirolly  laminated  paper  base,  phenolic  tubes 
ore  obtainable  in  sizes  and  with  punching  and  notching 
that  meet  each  customer's  indlTidual  nee^. 

Quality  periormance  at  prices  that  appeal. 

OTHER  COSMALITE  TYRES  INCLUDE  .  .  . 

#96  Cosmalite  ior  coil  forms  in  all  standard  broadcosh 
receiring  sets.  SLF  Cosmalite  ior  Permeability  Tuners. 
Spirally  wound  kralt  and  fish  paper  Coil  Forms  and 
Condenser  Tubes. 

Partial  List  of  Radio  &  Teleeision  ReceiTers  in  which 
COSMALITE  U  used; 


Arrin 
Admiral 
Belmont 
Bendix  Radio 
Colonial 
Farnsworth 
General  Electric 
Howard 


MagnaTox 

Motorola 

Sentinel 

Stewart  Warner 
Warwick 
Wells  Gardner 
Zenith 


Trad*  Mark  R*fl(t*rtd 


Inquiries  given  specialized  attention. 


^i^CUYElMID  CONTMNIIld 

6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO  I 

•  All-Fibre  Cans  •  Combination  Metal  and  Paper  Cans  r 

•  Spirally  Wound  Tubes  and  Cores  for  all  Purposes  f; 

•  Plastic  and  Combination  Paper  and  Plastic  Items  £ 

OMRnsrunSdnstfkniMllil'tMMm.LT^Waa.K.MMLBhL.M^^  f 
rUSIBSIiraMairi|Mm.Blm  •  IIHanMnMSatCltNtaa«,Ms  i 

mwgnm-iMsRTTiimrmiiiTseim  imrTntiTnT  untirmiiTt  ■stietf  f. 
CIMnMiFII6I:DiawdMiCsSdMrCisMi.Ul.FiiMMt.lMm*  R 


- *  TRANSFORMER '  '  It 

SATURABLE  SECONDARIES  1/  ,  , 

REACTORS - 1  (/ 


SYNCHRONOUS  CONTACTORS 


SYNCHRONOUS  MOTOR  '  ' 


I 


AURAl  FREQUENCY  AND 
MODULATION  MONITOR 
TYPE  3103-A 


STATION  MONITORING  RECEIVER 
TYPE  3105.A 


R.F  WAVE-FORM  MONITOR 
TYPE  3034  A 


VISUAL  FREQUENCY  MONITOR 
TYPE  3102-A 


SYNC  STRETCHER 
TYPE  3037-A 


PICTURE  DISTRIBUTION  AMPLIFIER 
TYPE  3031 -A 


REMOTE  SYNC  PHASING  UNIT 
TYPE  3036-A 


20-INCH  PICTURE  MONITOR 
TYPE  2116 


5-INCH  WAVEFORM  MONITOR 
TYPE  3109 


LOW-VOLTAGE  POWER  SUPPLY 
TYPE  5019  A 


12-lNCH  PICTURE  MONITOR 
_TYPE  3108 


▲  Telecasting  is  now  slriclly  ''professional.''  And 
▼  in  the  grand  tradition  of  the  theatre,  "The  Show 
Must  Go  On!",  regardless. 

To  that  end,  Du  Mont  provides,  in  addition  to 
the  basic  studio  and  transmitting  equipment, 
those  final  touches  for  smoothest  television  pro¬ 
gramming-waveform  checking  and  monitoring. 


off-the-air  reception,  sync  stretching,  picture 
monitoring,  remote  sync  phasing,  low-voltage 
power  supply,  and  many  other  functions,  in  the 
form  of  accessory  equipment. 

Shown  above  are  just  a  few  of  the  many  Du 
Mont  aids  to  attaining  "The  First  with  the  Finest 
in  Television." 


^  Write  for  descriptive  literature. 


Oallen  a. 


ALLEN  8.  DU  MONT  LABORATORIES,  INC. 


•  TELEVISION  EQUIPMENT  DIVISION.  42  HARDING  AVE..  CLIFTON,  N.  J.  •  DU  MONT  NETWORK 
..  NEW  YORK  22.  N.  Y.  •  DU  MONTS  JOHN  WANAMAKER  TELEVISION  STUDIOS.  WANAMAKER 
STATION  WTTG,  WASHINGTON.  0.  C.  •  HOME  OFFICES  AND  PLANTS.  PASSAIC.  N.  J. 


AND  STATION  WABO.  SIS  MADISON  AVE 
FLACE,  new  YORK  I.  N.  Y.  • 
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LEACH  RELAY  CO 


THE  ELECTRON  ART  (c<Mtiiiiic<l) 

netlc  Ajnpllflera,  Elmtbonics,  p  124, 
Sept.  1947 ;  also  Electromagnetic  Ampli- 
flers,  Blbctronics,  p  190,  Jan.  1948. 

(2)  Q.  W.  Blmen  and  £2.  A.  Oaugler, 
Development  of  High  Permeability  Iron, 
conference  paper  presented  at  the  Winter 
(General  Meeting  of  the  AIB^  Pittsburgh, 
Pa.,  Jan.  1948. 

(3)  H.  B.  Bex,  The  Transductor,  Inatru- 
menta,  p  1102,  Dec.  1947  ;  bibliography 
of  213  entries,  Inatrumenta,  p  332,  April 
1948. 

(4)  S.  B.  Tweedy,  Magnetic  Amplifiers, 
Electronio  Sngineering,  p  88,  Peb.  1948  : 
discussion  p  168,  May  1948. 


Nonmagnetic  Magnetometer 


Field  strengths  between  100  and 
8,000  gauss  can  be  measured  to  an 
accuracy  of  plus  or  minus  two  per¬ 
cent  with  a  simple  magnetometer 
using  a  germanium  probe  as  the 
sensing  element.  The  probe  de¬ 
pends  on  the  Hall  effect  for  its 
action  and  gives  a  direct-reading 
indication. 

If  a  thin  rectangular  conduc¬ 
tor  is  oriented  perpendicularly  to  a 
magnetic  field,  a  current  passing 
between  opposite  sides  of  the  plate 
will  be  made  to  flow  in  a  curved 
path,  thus  producing  a  potential 
difference  between  the  two  edges 
of  the  plate.  The  magnitude  of  this 
potential  in  volts  is  V  =  RIH/t 
where  I  is  the  current  in  amperes, 
H  the  magnetic  field  strength  in 
gauss,  t  the  thickness  of  the  plate 
in  centimeters,  and  R  is  the  Hall 
coefficient  in  volt-centimeters  per 
ampere-gauss  of  the  plate  material. 
Type  N  germanium  (in  which  con¬ 
duction  is  by  electrons,  as  dis¬ 
tinguished  from  the  P  type  in 
which  conduction  is  by  holes)  has 
the  very  large  Hall  coefficient  of 
8  X  10  *  and  a  specific  resistance 
of  5.7  ohm-centimeters,  both  at 
25  C.  (For  comparison,  the  cor¬ 
responding  values  for  copper  are 
5.2  X  10  “  and  1.7  X  10-*.) 

Thin  slabs  of  germanium  0.040 
1  in.  thick  (0.004  in.  for  use  in  very 


The  time  to  select  relays  is  at  the  start  of  circuit  design. 
Frequently,  manufacturers  save  time  and  money— develop  a 
better  product,  by  consulting  Leach  during  the  first  stages  of 
their  designing.  Here's  how- 

Leach  manufactures  thousands  of  types  of  relays,  for  thousands 
of  applications.  Many  are  production  items  which  may  offer 
you  savings  in  delivery  time  and  unit  cost.  Through  a  slight 
change  in  circuit  design  you  may  gain  the  advantages  of  a 
standard  type,  at  considerable  savings  anc^  do  a  better  job. 

For  your  specific  requirements,  consult  the  competent  staff  of 
Leach  electrical  engineers.  Custom  designs  are  their  stock  in 
trade.  Remember,  for  Better  Controls  through  Better  Relays, 
look  to  Leach.  Write  today. 
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look  for  the  Stack- 
pole  Minute  Man 
—  your  guarantee 
of  highest  quality 
in  molded  compo¬ 
nents. 


FIXED  and  VARIABLE  RESISTORS  •  INEXPEN. 
SIVE  SWITCHES  .  IRON  CORES  •  POWER 
tube  anodes  .  SINTERED  ALNICO  It 
PERMANENT  MAGNETS  •  RHEOSTAT  PLATES 
and  DISCS  •  ANODES  and  ELECTRODES,  etc. 
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THE  ELECTRON  ART  (continued) 

narrow  gaps),  0.6  in.  long  and  0.2 
in.  wide,  to  which  are  soldered  cop¬ 
per  leads,  are  vsed  as  probes.  A 
microammeter  is  used  to  indicate 
the  current  produced  across  the 
probe  by  the  Hall  effect.  Calibra¬ 
tion  of  the  instrument  is  adjusted 
by  varyinc  the  current  supplied  to 
the  probe.  A  bucking  potential  in 
the  detecting  circuit  is  necessary 
to  adjust  the  zero,  and  multipliers 
in  the  meter  circuit  can  be  used  to 
control  the  range.  The  starred 
values  of  components  may  have  to 
be  adjusted  from  probe  to  probe. 
(G.  L.  Pearson,  Magnetic  Field 
Strength  Meter  Employing  the  Hall 
Effect  in  Germanium,  RSI,  p  263 
April  1948.) 
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Muitifrequency  Synchronizer 

By  Robert  K-F  Scal 
National  Bureau  of  Standards 
Washington,  D.  C. 

Pulses  repeating  at  multiples  or 
fractions  of  the  input  signal  fre¬ 
quency  are  produced  by  a  versatile 
synchronizing  unit  that  is  useful 
for  calibration  and  measurement  in 
a  variety  of  control  and  laboratory 
applications.  The  unit  can  be  driven 
by  the  power  line  or  by  an  external 
oscillator  at  a  frequency  in  the 
subsonic,  sonic  or  ultrasonic  range. 
For  example,  the  equipment  has 
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FIG.  1 — Input  and  diTider  portlona  of  syn- 
chroniior;  Mcond  multlTibrator  is  mamm  as 
first:  connections  go  to  corrospondingly 
marked  leads  of  Fig.  2 
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New!  AH  inclusive! 
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Here  is  one  of  the  finest  and  most  complete 
lines  of  standard  transndtter  components  avail¬ 
able  today.  Built  to  the  same  well-known  high 
standards  as  N*Y*T  custom-built  imits,  they 
bring  to  the  design  engineer  the  full  economy 
of  standardized  construction.  Superbly  con¬ 
structed,  inside  and  out,  each  unit  fully  reflects 
the  years  of  experience  that  have  made  the 
name  NEW  YORK  TRANSFORMER  synon 
ymous  with  quality,  integrity  and  dependabil¬ 
ity  wherever  inductive  components  are  used 
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THE  ELECTRON  ART  (continued) 


been  used  to  produce  range  mark¬ 
ers.  It  delivers  an  output  that  can 
be  adjusted  in  amplitude  and  made 
to  have  a  rectangular,  square,  or 
impulse  waveform. 


Straightforward  Circuit 

\The  circuit  uses  only  resistance  > 
and  capacitance,  hence  there  can 
be  no  frequency  drift  as  there 
might  be  if  resonant  circuits  were 
used.  Triodes  are  used  throughout; 

*  almost  any  type  is  suitable,  but  the 
high-gain  dual  type  is  preferable. 
The  circuit  values  shown  here  are 
for  a  60  cps  input;  they  are  not 
particularly  critical. 

Functionally  the  unit  consists  of 
four  sections:  the  input,  the  mul¬ 
tiplier,  the  divider,  and  the  out¬ 
put.  Figure  1  shows  the  input  and 
divider ;  Fig.  2  shows  the  multiplier 
and  output.  Although  the  circuit 
shown  provides  five  output  fre^ 
quencies  (the  fundamental,  its  sec¬ 
ond  and  third  harmonics,  and  its 
second  and  third  subharmonics), 
the  circuit  can  be  extended,  or  re¬ 
stricted,  to  any  required  range. 

The  input  consists  of  an  over¬ 
driven  amplifier  (VIA,  VlB  and 
V2A)  which  converts  the  input  to 
a  rectangular  or  square  wave  de¬ 
pending  on  the  adjustment  of  the 


FIG.  2 — Lsads  A.  B,  C  and  D  come  from 
correeponding  leads  of  Fig.  2.  Multipliers 
(one  shown  in  detail)  and  output  portions 
of  synchronizer  ore  shown  here 
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A»TATIC  PIONEERED  THE  FIRST  CRYSTAL  DEVICES 


Astatic  again  assumes  a  pioneer 
^  role  ...  in  making  available, 
ior  the  first  time,* the  vmique  physical  advantages  of  the 
amazing  piezoelectric  ceramic  element,  in  a  microphone 
and  phonograph  pickup  cartridge  of  advanced  quality  and 
fidelity.  Unaffected  by  heat,  moisture  or  dryness,  they  cail 
go  virtually  anywhere  .  .  .  provide  transcription  quality 
reproduction,  troublefree  service,  in  tropical  climates,  under 
exposure  to  direct  sunlight,  heat  from  klieg  lights  or  auto¬ 
motive  interiors,  when  subjected  to  the  many  other  condi¬ 
tions  that  threaten  damage  or  impaired  performance  to 
other  type  instniments.  These,  plus  other  important 
advantages,  combine  to  assvue  an  immediate,  enthusiastic 
reception  for  Astatic  ceramic  devices. 

NOW  AVAILABLE 

Astatic  has  incorporated  ceramic  elements  in  two  of  its  most  popular 
product  designs — the  convertible  "Velvet  Voice"  microphone  and  the  "Quiet 
Talk"  series  pickup  cartridges.  Now  moving  through  Astatic  production 
lines,  they  are  immediately  available. 


MODEL  *QC' 

PICKUP  CARTRIDGE  ' 

(i)  Transcription  quality  reproduction, 
(a)  Frequency  response  unaffected 
tnroufhout  wide  temperature  range. 
(3)  Unaffected  by  heat,  moisture  or 
dryness.  (4)  A  new  level  of  physical 
ruggedness.  (s)  Extended  service  life, 
free  from  trouble  and  diminishing 
quality  of  reproduction.  (6)  Adapt¬ 
able,  without  changes,  to  standard 
circuits,  because  impedance  is  compar¬ 
able  to  that  of  standard  crystal  car¬ 
tridges.  (7)  Needle  pressure,  1  ox.  (8) 
Frequency  range,  50  to  10,000  c.p.s. 


MODEL  "VC* 
MICROPHONE 

(1)  Available  with  substantially  flat  re¬ 
sponse  or  rising  characteristics  in  the 
voice  range,  (a)  Unaffected  frequency  re¬ 
sponse.  throughout  a  wide  temperature 
range,  suggests  use  for  laboratory  appli¬ 
cations.  (3)  Unaffected  by  heat,  moisture 
or  dryness.  (4)  Amazingly  rugged  against 
physical  shocks  and  stresses.  (3)  Peak 
service  life  assured  by  resistance  to  both 
climatic  and  operational  abuses.  (6)  Com¬ 
paratively  low  impedance  opens  up  new 
fields  of  application,  heretofore  limited  to 
costly  and  heavy  units.  (7)  Frequency 
response,  30  to  10,000  c.p.s. 


Writm  for  prices,  specifications 
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cathode  resistor.  If  a  fixed  input 
voltage  is  used^  this  resistor  can  be 
fixed  at  the  value  giving  the  re¬ 
quired  waveform.  One  volt  input 
is  sufficient  to  drive  the  clipper;  if 
higher  voltages  are  available,  fewer 
stages  can  be  used.  The  frequency- 
dividing  circuit  consists  of  a  cath¬ 
ode-coupled  half -shot  multivibrator 
(V3A  and  V3B)  fed  from  a  differ¬ 
entiating  circuit.  This  multivibra-  . 
tor  produces  an  output  of  half  the  ^ 
frequency  of  its  input.  To  further 
divide  the  synchronizing  fre¬ 
quency,  the  output  from  this  mul¬ 
tivibrator  is  fed  through  another 
differentiating  circuit  to  a  second 
multivibrator  (V4A  and  V4B).  If, 
as  in  this  circuit,  the  output  be¬ 
tween  dividers  is  to  be  used,  an 
over-driven  amplifier  (V2B)  should 
be  used  between  them.  When  the 
unit  is  first  put  into  operation  the 
dividing  circuits  may  need  adjust¬ 
ing  to  assure  that  they  are  not 
triggered  by  stray  pickup.  The 
circuit  can  be  laid  out  and  adjusted 
so  that  the  tubes  need  not  be 
shielded,  but  if  the  equipment  is 
to  be  used  near  apparatus  produc¬ 
ing  strong  pulses,  shielding  from 
external  pickup  is  essential. 

Frequency  Multiplier 

The  novel  multiplying  circuit 
shown  in  Fig.  2  is  an  alternate- 
pulse  inverter  that  inverts  only  the 
positive  pulses  of  a  wave  train 
consisting  of  alternate  positive  and 
negative  pulses.  Pulses  shown  in 
Fig.  3  are  applied  to  both  grid  and 
cathode  of  the  inverter  (V5A), 
which  is  effectively  self-biased  prac¬ 
tically  to  cutoff.  A  positive  input 
pulse  affects  the  grid,  producing  a 
negative  pulse  in  the  plate  circuit. 
A  negative  pulse  affects  the  cath¬ 
ode,  also  producing  a  negative 
P’llse  in  the  plate  circuit.  The  fol¬ 
lowing  two  stages  (V5B  and  VGA) 
eliminate  positive  pulses  appearing 
in  the  plate  circuit  and  shape 
the  negative  pulses.  Because  a 
grounded-grid  amplifier  (VGA)  is 
used  in  this  shaping  circuit,  the 
pulses  out  of  it  are  positive. 

To  obtain  a  rectangular  or 
square  wave  at  the  multiplied  rate, 
the  output  pulses  can  be  fed  to  a 
multivibrator.  If  further  multi¬ 
plication  is  required,  the  pulse  out¬ 
put  is  fed  through  a  differentiator 
to  another  alternate  pulse  inverte; 
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Here's  your  supply  of  N.Y^T 


Available  Now! 


N.Y.T.  facilities  are  now  expanded  to 
supply  all  types  of  inductive  television 
components  in  quantity.  Estimates  will 
be  supplied  promptly  on  standard  units 


★  TELEVISION 
POWER  TRANS 
FORMERS 


♦  DEFLECTION 

COILS 


or  types  wound  to  your  exact  specifica¬ 
tion.  In  addition  to  television  compo¬ 
nents,  N.Y.T.  offers  complete  manufac¬ 
turing  service  on  power  transformers, 
chokes,  and  audio  transformers.  Mod 


★  VERTICAL  OUTPUT 
TRANSFORMERS 


FIG.  3 — Oscilloqraphi  show  waveforms  at 
critical  portions  of  synchronizer.  (A)  out¬ 
put  of  overdriven  amplifier.  (B)  input  to 
alternate  pulse  inverter,  (C)  output  of 
alternate  pule  inverter,  and  (D)  output  of 
shaping  amplifier 


★  HORIZONTAL  BLOCK 
ING  OSCILLATOR 
TRANSFORMERS 


ern  plant  and  winding  equipment  as¬ 
sures  finest  quality  at  low  cost.  Call  or 
write  today  for  information. 


★  VERTICAL  BLOCKING 
OSCILLATOR  TRANS¬ 
FORMERS 


(V8,  V6B,  and  V9).  A  buffer  and 
shaping  amplifier  (VTA  and  V7B) 
is  advisable  if  the  output  from  the 
first  multiplier  is  to  be  used  ex¬ 
ternally  as  well  as  for  driving  an¬ 
other  multiplier.  The  grid  circuit 
of  the  output  (V7B)  is  adjusted  to 
give  the  required  wave  shape. 

As  shown  here  the  unit  provides 
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THE  ELECTRON  ART  (continutd) 

only  one  frequency  at  a  time.  If 
several  frequencies  are  to  be  used, 
additional  switching  and  output 
amplifiers  can  be  added  to  obtain 
all  frequencies  simultaneously  if  de¬ 
sired.  The  single  output  amplifier 
used  here  consists  of  an  overdriven 
stage  (VlOA)  to  limit  the  voltages 
of  all  frequencies  to  the  same  level. 
The  output  switch  selects  rectangu¬ 
lar  or  square  waves  from  the  out¬ 
put  of  this  amplifier,  or  pulses  pro-  • 
duced  by  feeding  the  signal  to  the 
cathode  follower  (VlOB)  through 
a  differentiator.  Additional  cir¬ 
cuits  can  be  used  to  improve  the 
waveform  if  desired. 

Spacing  of  the  output  pulses  from 
the  alternate  pulse  inverter  is  the 
same  as  the  input  spacing.  If  the 
inverter  is  used  to  drive  a  single¬ 
shot  multivibrator,  it  will  be  nec¬ 
essary  to  adjust  the  multivibrator 
to  obtain  the  required  output;  for 
example,  to  obtain  a  symmetrical 
square  wave.  Although  the  dividing 
and  multiplying  circuits  are  not 
sensitive  to  frequency,  the  coupling 
circuits  of  the  multipliers  are ;  they 
will  have  to  be  adjusted  if  the  input 
frequency  is  changed.  A  unit  em¬ 
ploying  an  input  frequency  equal 
to  the  highest  required  frequency 
and  using  only  dividers  is,  there¬ 
fore,  more  versatile  than  one  using 
both  dividers  and  multipliers. 

Power  requirements  for  the  unit 
are  small.  The  maximum  output 
voltage  is  dependent  on  the  B-f- 
voltage,  which  can  be  from  250  to 
300  volts  for  the  6SL7’s  or  higher 
if  6SN7’s  are  used.  A  5Y3-GT/G 
or  selenium  rectifier  can  be  used 
with  a  single-section  filter.  A  regu¬ 
lator  may  be  desirable  because  the 
output  is  sensitive  to  supply  volt¬ 
age.  Transients  on  the  B-|-  line 
may  trigger  the  multivibrators. 
Therefore,  if,  as  is  most  likely,  an 
electrolytic  filter  is  used  across  the 
output  of  the  power  supply,  it 
should  be  bypassed  with  either  a 
small  paper  or  mica  capacitor  to 
offer  low  impedance  to  high  fre¬ 
quencies.  If  an  external  power  sup¬ 
ply  is  used,  the  capacitors  should 
be  across  the  B+  at  the  synchro¬ 
nizer  to  by-pass  stray  pulses  picked 
up  from  the  supply  line,  even  if 
it  is  shielded. 

This  synchronizer  was  developed 
by  the  author  while  at  Stamford 
University,  Calif.,  for  use  with  the 


"Unbroko"  Socket  Head 
Stripper  Bolt  with 
Knurled  Head  and 
Threads. 


RAT'D  & 
PATS.  PEND. 


"Unbrako"  Socket  Set 
Screw  with'  Knurled  Cup 
Point. 


"Unbrako"  Socket  Set  Screw 
with  Knurled  Threads. 


SOCKET  SCREW 
PRODUCTS 


"Unbrako"  Socket  Screw  Products  are  of  quality  alloy  steel — the 
"big  point",  of  which  we  are  justly  proud,  is  our  exclusive  KNURLING 
feature,  which  is  incorporated  either  on  threads  or  points  of  "Unbrako" 
Set  Screws  . .  .  and  upon  the  threads  of  our  latest  design  Stripper  Bolt, 
as  illustrated  .  .  .  this  knurling  transforms  them  into  excellent 
"Self-Lockers" — essential  in  Stripper  Bolts  subjected  to  repeated  im¬ 
pacts.  Of  course,  the  Internal  Wrenching  feature  of  "Unbrako" 
Socket  Screw  Products  results  in  weight-saving  and  compact  designs. 
Sizes  available  from  #4  to  1-1  2"  diameter,  in  a  full  range  of  lengths. 
Ask  for  your  copy  of  the  "Unbrako"  Catalog  . . .  informative  bnd  useful. 


Write  us  for  the  name  and  address  of  your  nearest 
"Unbrako"  Industrial  Distributor. 
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Stamford  University  Multifre¬ 
quency  Ionosphere  Recorder  oper¬ 
ated  under  contract  with  the  Bu¬ 
reau  of  Standards,  Commerce  Dept., 
Washington,  D.  C. 

Indoor  Television  Antenna 

'  By  John  H.  Newitt 
J.  H.  Newitt  &  Associates 
Development  Engineers 
East  Orange,  N.  J. 

RECEIVING  ANTENNAS  do  not  read¬ 
ily  cover  such  wide  frequency 
ranges  as  the  television  band.  By 
analyzing  the  operation  and  limita¬ 
tions  of  a  dipole,  the  requirements 
for  a  wideband  antenna  can  be  de¬ 
duced.  From  such  an  analysis  a 
wideband  indoor  antenna  that 
meets  these  requirements  has  been 
developed. 

Characteristics  of  a  Dipole 

Most  receiving  antennas  for  very 
high  frequencies  are  based  on  the 
dipole.  Both  the  energy  induced 
into  a  dipole  and  its  terminal  im¬ 
pedance  are  functions  of  frequency. 
Furthermore,  parasitic  elements 
(reflectors  and  directors),  although 
they  improve  the  directed  sensitiv¬ 
ity  of  the  antenna,  make  it  more 
frequency  selective.  Such  direc¬ 
tional  arrays  are  properly  used  to 
eliminate  ghosts,  but  are  efficient 
only  over  a  ten-percent  frequency 
range. 

To*  obtain  some  semblance  of 
wideband  response  from  dipole 
type  antennas,  they  are  resonanted 
near  the  middle  of  the  band  to  be 
covered  and  purposely  mismatched 
to  the  transmission  line.  Thus,  as 
the  efficiency  of  energy  transfer 
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QUARTER-WAVE  STUB  IS  EOUIV-  f—m- 
ALENT  TO  A  PARALLEL  RESONANT  T 
CIRCUIT 

h . X/2 . •-] 


HALF-WAVE  (CONVENTIONAL)  WPOLE  IS 
EQUIVALENT  TO  A  SERIES  RESONANT 
CIRCUIT 

TERMINAL  IMPEDANCE  CAN  BE  A  CONSTANT 


HALF-WAVE  DIPOLE 

ANTENNA  ELEMENT 
IS  COMBINATION  OF 
DIPOLE  AND  STUB 


QUARTER-WAVE 
,  STUB 


FIG.  1 — Basic  components  of  antenna 
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KNlRmTMETER  #  ltS9 

AC-DC  5-10-20  ICV 
tO^r  r<n9««  from  1.5  200  KV) 


LOW'IBISTANCE  TEST  SET  #  670C 

1,000  le  500,000  niicro-«)imt 
(Olh*r  ran9«f  from  200  mkre-olwnt 
t«  100  ohmt) 


Shallcross 


#63i-2 

0.0001  ohm  to  11.11  moeohmt 
tr  eMitloeo)  littisiH  and  IS  typo*  of 


DEUDE  BOX  #125 

11,110  ohm*  in  1  ohm  *t*p* 
(Othor  dotigm,  1  to  7  dial*,  from 


porcont  limH  bridgot) 


0.1  to  11,111,110  ohm*) 


. . .  for  electrical 
measurements 


Shollcross  Electrical  Measuring  In¬ 
struments  are  made  in  many  types 
—  from  sturdy,  inexpensive  bridges 
for  school  and  production  use,  to 
fault  location  bridges,  high-voltage 
test  equipment,  low-resistance  test 
sets  and  numerous  others. 


Write  for  Bulletin  on  any  type, 


VOITABE  DIVIDER  (Dataite  PoleRtiomettr) 

10,0(X>  ohm*  tolol.  Voltage  ratio;  0.(X)1  to  1.0 
(Othor  5-  and  4-dial  do*ign*,  1,(X)0 
to  100,000  ohmt) 


AKRA-OHM  PRECISION  RESISTORS 
14  Standard  Type*. 

50  available  ipecial  de*ignt. 


PRECISION  SWITCHES 
3S0  de*igni  for  instrument*  and  high< 
grade  electrical  apparatus. 


Shollcross  Manufacturing  Co, 

Electrical  Measurement  Specialists 
Dept.  E-88  Collingdale,  Po. 


ATTENUATORS  A  CONTROLS  FOR 
COMMUNICATION  EQUIPMENT 


HARDWICK,  HINDU 

Oinkh  Wotmd 

Resistor 


THE  ELECTRON  ART  (continiwd) 

from  radio  wave  to  antenna  de¬ 
creases,  the  efficiency  of  energj 
transfer  from  antenna  to  transmis 
sion  line  increases.  A  fairly  con¬ 
stant,  but  low  efficiency  is  obtained 
over  a  portion  of  the  television  band 
with  a  dipole,  whose  terminal  im¬ 
pedance  varies  between  about  2,000 
ohms  at  the  limits  of  its  useful  band 
to  72  ohms  at ,  resonance,  coupled 
into  a  300-ohm  line.  A  better  match 
is  obtained  from  a  folded  dipole. 

A  common  method  of  providing: 
wideband  reception  is  to  couple 
several  antennas,  whose  resonant 
frequencies  are  spaced  throughout 
the  band,  to  the  transmission  line. 
The  bandwidth  can  be  extended  by 
increasing  the  radiator  surface  area 
by  using  thick  tubes  in  place  of 
thin  rods  for  the  dipole.  However, 
to  cover  the  entire  television  band 
this  method  is  impracticable:  The 
rods  have  to  be  so  thick.  A  cone 
operating  on  the  same  principle 
would  require  a  base  to  height  ratio 
of  about  1:1;  it  would  be  resistive 
over  a  very  wide  frequency  range 
(about  2:1). 

Impedance  Compensation 

The  basic  components  of  an  an¬ 
tenna  that  presents  a  nearly  con¬ 
stant  terminal  impedance  to  its 
transmission  line,  and  therefore 
preserves  its  efficiency  of  energy 
transfer  to  the  line,  are  shown  in 
Fig.  1.  The  quarter- wave  stub  is  a 
parallel  resonant  circuit  presenting 
a  high  terminal  resistance  at  res¬ 
onance,  a  capacitive  impedance 
above  resonance  and  an  inductive 
impedance  below  resonance.  The 
half-wave  dipole  is  a  series  resonant 
circuit  presenting  a  low  terminal 
resistance  at  resonance,  an  induc¬ 
tive  impedance  above,  and  a  capac¬ 
itive  impedance  below.  When  these 
two  impedances  are  properly  pro- 


OUK  CRINKLE  WOUND  resistors  are  designed  especially  for  rela¬ 
tively  low  value  of  resistance  with  a  high  current  carrying 
capacity. 

They  fall  within  the  classification  of  bare  resistors  by  NEMA 
and  Underwriters*  regulations,  permitting  operation  at  a  tem¬ 
perature  rise  of  350  degrees  C. 

The  ribbon  of  resistance  alloy  is  wound  on  edge  upon  the  re¬ 
fractory  tube— the  ends  braised  to  heavy  copper  terminals.  A  vitre¬ 
ous  enamel  covering  anchors  the  turns  securely  and  prevents  move¬ 
ment.  The  result  is  an  unusually  large  area  for  heat  dissipation.  ' 
Units  with  intermediate  taps  are  available.  There  are  5  sizes:  155 
to  420  watts,  from  .125  to  20.0  ohms. 

Hardwick,  Hindle  resistors  and  rheostats  offer  many  exclusive 
advantages.  We  ask  you  to  give  our  engineers  an  opportunity  to 
discuss  your  specific  requirements. 


DIRECTION  TO  STATIONS-^ 


30O-OHM 
LINE  TO 
RECEIVER 


HARDWICK,  HINDLE,  inc 

Rheostats  and  Resistors 


Subsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

NEWARK  5,'N.  J.  Established  1886  U.  S.  A 


ANTENNA  CONSTRUCTED  OF  FLAT  COPPER 
STRIP  (ALL  DIMENSIONS  IN  INCHES) 


FIG.  2 — Wideband  end-lire  arroy  (dimen¬ 
sions  are  for  an  experimental  Tersion  used 
.under  a  rug  indoors) 
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THE  ELECTRON  ART  (continutd) 

portioned  and  combined,  they  can 
be  made  to  present  a  nearly  con¬ 
stant  resistive  impedance  over  a 
wide  band. 

The  principle  can  be  used  in  an 
array  consisting  of  receivers  of  dif¬ 
ferent  lengths  to  improve  the  sen- 
sitiyity  throughout  the  entire  band, 
giving  a  system  such  as  that  of  Fig. 
2.  The  array  presents  a  low  im- 
pedEuicer  and  maintains  its  sensi¬ 
tivity  over  a  wide  range.  The  im- 
pedimce  matching  section  was 
found  to  improve  the  performance. 

The  system  is  an  end-fire  array; 
its  high  directivity  provides  dis¬ 
crimination  against  ghosts.  Any 
number  of  elements  can  be  used, 
the  directivity  increasing  with  the 
number  of  elements.  In  designing 
the  array,  both  factors  (wave  sen¬ 
sitivity  Euid  impedance  matching) 
should  be  given  equal  attention  to 
obtain  optimum  results.  Several 
such  arrays  can  be  combined  to 
further  improve  the  performsince. 


Industrial  Magnetron 

Dielectric  heating  depends  on 
developing  high  power  at  high 
voltage  across  the  material  to  be 
heated.  However,  the  voltage  is 
limited  by  arcing  across  the  work. 
Hence  continuous  power  is  re¬ 
quired  for  this  application.  The 
pulsed  magnetron  previously  de¬ 
scribed  briefly  (Electronics,  p 
194,  Dec.  1947)  was  developed  by 
the  British  Thomson-Houston  Co. 
for  radar,  not  dielectric  heating. 


;  SURVEY  OF  NEW  TECHNIQUES 

Multitrack  range  (MTR),  devel¬ 
oped  in  Australia  as  a  modification 
of  Gee,  simplifies  the  equipment 
in  an  airplane.  With  hyperbolic 
tracks,  as  produced  by  such  sys¬ 
tems  as  Gee,  either  the  navigator 
or  the  airborne  navigation  equip¬ 
ment  must  perform  a  computation 
to  convert  the  indication  into  a  ra¬ 
dial  track.  With  MTR  the  tracks 
are  practically  straight  radials  at 
distances  beyond  10  miles  from 
the  master  and  slave  station  pair. 
This  pair,  operating  on  200  me,  are 
only  10  miles  apart.  Because  pulses 
are  used  the  system  is  unaffected 
by  reflections,  however,  it  has  two 
blind  regions  180  deg  apart. 
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Designed  to  produce  a  square  wave  of  excellent  form,  this 
equipment  meets  the  rigid  requirements  of  research  and  de¬ 
velopmental  laboratories,  industry  and  educational  institutions. 

It  has  a  wide  fundamental  frequency  range,  is  highly  stable 
and  may  be  mounted  either  in  a  cabinet  or  rack. 


PULSE  CHARACTERISTIC:  Rectangular  wave  output,  with 
a  25%  negative  pulse. 

RISE  TIME:  Approximately  .3  microsecond. 

FUNDAMENTAL  FREQUENCY  RANGE:  Six  overlapping 
ranges,  to  give  continuous  coverage  from  5  to  125,000 
cycles. 

OUTPUT  VOLTAGE:  Variable  from  0-5  volts;  fixed  out¬ 
puts  at  5,  10,  15,  25,  50  and  75  volts. 

OUTPUT  IMPEDANCE:  100  ohms  at  5  volts,  approxi¬ 
mately  20  ohnw/volts  at  all  outputs. 

SYNCHRONIZATION:  A  "sync”  input  level  control  is 
provided. 


For  complete  information  on  this  unit  and  other  G-E  Precision 
Equipments  write:  General  Electric  Company,  Electronics  Park, 
Syracuse,  New  York. 


GENERAL 
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NEW  PRODUCTS 

(continued  from  p  134) 

has  a  practical  operating  frequency 
range  from*  100  to  6,000  cycles. 
Furnished  with  microphone,  desk 
stand,  and  8-in.  p-m  speaker  the 
unit  weighs  about  50  pounds. 


Wire  Shielding 

Elliott  Mfg.  Co.,  Bin^jhamton, 
N.  Y.  Monocoil  casing  can  be  furn¬ 
ished  in  steel,  copper,  or  brass.  It 
is  constructed  of  flat  wire,  thus 


copper  to  working  temperature  in  5 
seconds  and  maintains  intense  heat 
for  10  minutes.  The  chemical  cart¬ 
ridge  is  nonexplosive.  Descriptive 
literature  is  available. 
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making  the  insertion  of  single  or 
multiple  conductors  easy.  Designed 
for  all  sort  of  mechanical  and  elec¬ 
trical  shielding,  samples  are  offered 
by  the  manufacturer,  together  with 
a  bulletin  describing  its  use. 


Chemical  Soldering  Iron 

Kemode  Mfg.  Co.,  2  W.  46th  St., 
New  York  19,  N.  Y.  A  cartridge 
about  the  size  of  a  small  flashlight 
battery  heats  a  special  soldering 


Noise  Suppressor 


Minnesota  Electronics  Corf., 
204  Oppenheim  Building,  St.  Paul, 
Minn.  Model  NSA-2  is  a  six-tube 
dynamic  noise  suppressor  amplifier 
with  separate  range  and  suppres¬ 
sion  controls.  Response  is  beyond 


r[..’  y 
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when  a  oast  is  executed.  These  gears  must  also 


M'Hhstand  the  strain  of  hauling  in  a  fighting  fish  of 


unpredictable  size  and  strength,  thus  rendering  a  dual 


purpose:  speed  and  velvety  smoothness  in  one 


direction— strength  and  durability  in  the  other. 


Instruments  and  machines  have  individual  gear 


problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of  g 
every  description  up  to  60“  in  diameter 
for  manufacturers  in  many  diversified  industries.  ' 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 
:  The  heart  of  the  j 

.  reelMIuetrat^  a^o  , 

tnaker  City  6eai  Works 

INCORPORATED 

1910  N.  Front.  Street,  Philadelphia  22,  Pa. 


PIPE  COUPLINGS 


amton, 
s  furn- 


ELECTRICALLY  HEATED  PRESSURE  HEADS 


CONTINUOUS  FIL>1  RECORDING  CAMERAS 


AND  EQUIPMENT  FOR  CATHODE  RAY 


OSCILLOGRAPHS  ETC. 


Wc  undertake  the  Design, 
Development  and  Manufacture  of 
any  type  of  Optical— Mechanical 
— Elearical  Instrument.  Includ¬ 
ing  Cameras  for  special  purposes. 


AaUAL  SIZE 


CARBY 


EYEIHS  and  MUITIPIE 
PLUNGER  PRESS  PRODUCTS 


offered 
er  with 


Avimo  Limited,  Taunton,  England  •  Telephone  Taunton  ^6)4. 


The  Carby  Manufacturing  Company,  spe¬ 
cialists  in  small  diameter  and  long  draw, 
through  years  of  experience,  engineering 
"know-how"  and  excellent  production  facil¬ 
ities,  can  accurately  produce  to  the  most 
rigid  requirements  every  electronic  require¬ 
ment  for  .  .  . 

•  GROMMETS 

•  EYELETS 

•  SOLDERLESS  LUGS 
e  TERMINALS 

•  FERRULLJ 

EYELETS:  Eyelets  can  be  produced  with 
square,  hexangular  or  round  barrels  with 
heads  to  match  or  in  any  wanted  com¬ 
bination. 

METALS:  Available  metals  in  .006  to  .032 
AWG.  Accurately  fabricated  on  eyelet  ma¬ 
chines  or  by  plunger  press  to  meet  any 
requirements  in  .  .  . 

ALUMINUM  COPPER 

BRASS  STEEL 

NICKEL-SILVER 

DELIVERY:  Prompt  delivery  is  a  specialty 
of  Carby.  Our  production  facilities,  mod- 
ernly  managed,  is  at  your  command  to 
meet  any  reasonable  requirement. 

STANDARD  OR  MADE  TO  SPECS  .  .  . 

Many  standard  shapes  in  stock  but  we  spe¬ 
cialize  in  fabricating  special  needs.  Send 
in  your  blueprints  for  prices,  deliveries, 
and  engineering  advice. 


Sth  St., 
irtridge 
ishlight 
)ldering 


The  flick  of  o  Anger  operates  the 
patented  "Gove"  Vertical  Atten¬ 
uator,  Representing  the  very  latest 
in  broadcast  components,  these 
units  are  suitable  for  every  type 
of  sound  equipment  from  elobor- 
ate  broadcast  stations  to  the 
simplest  P.A.  system.  Unit  gives 
smooth  easy  operation  and  con 
be  cleaned  from  front  of  panel 
by  removing  escutcheon.  Com¬ 
pletely  shielded  and  dust  proof. 


ure  in  5 
ase  heat 
cal  cart- 
icriptive 


Descriptive 

BiilletiR 


Corf., 
St.  Paul, 
six-tube 
implifier 
suppres- 
I  beyond 


Courtesy  of  WHKC,  ^ 
United  Broadcasting  Co. 


62  COTTAGE  PUCE 
WATERBURY  5,  CONNECTICUT 
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TRONICS 


UNIVERSITY  OF  MiCntGAN  LIBRARIES 


^  SHORE 

SOMOOVHE 


A  DYNAMO 


AMONG 


DYNAMIC  MICROPHONES 


NEW  PRODUCTS  (continued) 
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Baseline  Generator 

Globe  Products  Corp.,  870  Maple¬ 
wood  Ave.,  Bridgeport  5,  Conn.  The 
Baseliner  is  a  recently  developed 
device  that  provides  a  baseline  in 


LIST  PRICE  . . .  $37.50 


Q 


Q 


lBSSSf» 


SHURE  BROTHERS,  INC. 


Microphones  &  Acoustic  Devices 


775  W.  HURON  ST.,  CHICAGO  10,  ILL 


CABLE  ADDRESS:  SHUREMICRO 


12,000  cps  and  noise  reduction  more 
than  25  db.  It  has  a  10-watt  power 
output. 


CODEt  RUMON 


I, ,11** 


Here  is  the  microphone  in  its  class— 
a  high-output  moving-coil  dynamic 
that  was  designed  to  outperform . . . 
outsmart . . .  outlast  even  higher 
priced  microphones.  The  “Sono- 
dyne”  features  a  multi-impedance 
switch  for  low,  medium,  or  high 
impedance-plus  a  high  output  of  52 
db  below  1  volt  per  dyne  per  sq.  cm. 
It  has  a  wide  range  frequency  re¬ 
sponse  (up  to  10,000  c.  p.s.)  and 
semi -directional  pickup.  Mounted 
on  swivel  at  rear,  can  be  pointed 
90°  for  non-directional  pickup. 


The  “Sonodyne”  is  ideal  for  all 
general  purpose  use,  including  pub¬ 
lic  address,  communications,  record¬ 
ing,  and  similar  applications. 


MODEL 


visual  alignment  systems  by  restor¬ 
ing  the  cro  amplifier  to  its  zero  in¬ 
put  operating  condition  for  180 
degrees  of  the  modulation  cycle. 


(up  to  10,000  c.  p.  t.) 


Signal  Generator 

Boonton  Radio  Corp.,  Boonton, 
N.  J.  Type  211-A  signal  gener¬ 
ator  is  designed  for  testing  and 


linp«danc« 


Multi-Impedance 
Switch  for 

LOW,  MEDIUM, 
or  HIGH 


HIGH  OUTPUT 

(-52  db) 


WIDE  RANGE 
FREQUENCY 
RESPONSE 


L. 


NEW  PRODUCTS 


(centiniiM) 


calibrating  omnirange  radio  receiv¬ 
ing  equipment  operating  in  the 
range  from  88  to  140  megacycles. 
The  equipment  comprises  an  r-f 
assembly,  modulator  and  oscillator, 
panel  and  meter,  and  external  dual 
regulated  power  supply. 


Evaporation  Plater 

L.  L.  Constantin  &  Co.,  253 
Crooks  Ave.,  Clifton,  N.  J.  The 
machine  illustrated  is  used  for  plat¬ 
ing  metals  and  metal  fluorides  in  a 
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•  Whether  you  measure  your  vacuum 
requirements  in  inches  or  fractions  of 
microns,  Kinney  Vacuum  Pumps  will 
work  FAST  to  produce  the  degree  of 
nothingness  you  require.  This  high 
pumping  speed,  plus  the  ability  to 
produce  low  absolute  pressures  day 
after  day,  make  Kinney  Pumps  the 
first  choice  in  Industry  for  vacuum 
process  applications.  Unique  rotating 
plunger  design  and  generous  open¬ 
ings,  with  positive  oil  seal  between 
rotating  parts,  contribute  to  Kinney^s 
exceptionally  rapid  pump  down  and 
long  life.  Whatever  your  low  pressure 
requirements,  there^s  a  Kinney  High 
Vacuum  Pump  to  give  efficient,  de¬ 
pendable  service  —  exhausting  lamps 
and  tubes,  dehydrating  foods,  pro¬ 
ducing  drugs,  sintering  alloy  metals, 
coating  lenses  and  performing  count¬ 
less  other  low  pressure  operations. 


Ask  for  Catalog  V45. 


KiniMy  Compound  Pump*  or* 
ovoikiblo  in  2  sizes  with  dis- 
placomonts  of  15  and  46 
cu.  ft.  por  min.  Thoy  rogularly 
maintain  low  absoluto  pros- 
suros  to  0.5  micron  or  bettor. 


KINNEY  MANUFACTURING  COMPANY 

3565  WASHINGTON  ST.,  BOSTON  30,  IMASS. 

New  York  *  Chicago  *  Philadelphia  *  Lot  Angeles  *  Son  FranciKO 


FOREIGN  REPRESENTATIVES 

OINiRAL  ENOINilRINO  CO.  (RAOCLIPFE)  LTD.,  Statiow  Works,  Bwry  Road, 
RadcIHFe,  Lancaskire,  Inglaiid 

HORROCKS,  ROXBURGH  PTY^  LTD.,  HRelbewme,  C.  I.  Aastralia 
W.  S.  THOMAS  A  TATLOR  PTY^  LTD.,  JohaNNOsborg,  Union  of  South  Africa 


WE  ALSO  MMWFMTUiE  UQIIIO  PVMPS.  CUiTCIKS  AND  BmiMINOMS  INSTIBiTONS 


Kinney  Single  Stage  Pumps 
are  available  in  8  sizes  with 
displacements  from  13  to  702 
cu.  ft.  per  min.  Will  test  to 
low  absolute  pressures  of  10 
microns  or  better. 


vacuum  by  evaporation.  It  finds 
application  in  base  plating  quartz, 
mica,  and  ceramics.  Production  of 
crystal  oscillators  to  frequency  is 
better  than  180  units  per  hour. 


Single-Sideband  Selector 

General  Electric  Co.,  Syracuse, 
N.  Y.  Type  YRS-1  single-sideband 
selector  was  designed  to  provide 
improved  reception  in  crowded  am¬ 
ateur  and  communications  radio 
bands  without  affecting  quality  of 
received  signal.  The  device  has 
four  pushbuttons,  one  for  dual¬ 
sideband  reception  with  reinforced 
carrier,  one  for  normal  reception 
and  one  for  selection  of  each  side¬ 
band.  It  is  intended  for  use  with 


NEW  PRODUCTS 


(continued) 


any  receiver  having  an  intermedi¬ 
ate  frequency  of  about  455  kc  and 
operates  on  f05  to  125  volts,  50  or 
60  cycles  power  at  60  watts. 


Voltage  Stabilizers 

Raytheon  Mfg.  Co.,  Waltham, 
Mass.,  introduces, the  VR-6000  line 
of  automatic  a-c  line  voltage  stabi¬ 
lizers.  The  units  are  designed  to 


stabilize  fluctuating  voltage  to 
within  0.5  percent.  Varying  input 
voltage  can  be  stabilized  within 
0.05  second.  The  line  can  be  pro¬ 
cured  in  standard  catalog  models 


or  custom-engineered  designs. 


Plastic  Tubing 

William  Brand  and  Co.,  276 
Fourth  Ave.,  New  York  10,  N.  Y. 
A  new  thermoplastic  tubing  type 


Rel-16-A  can  be  used  continuously 
at  105  C.  Porosity  has  been 
reduced  to  a  minimum. 


Thermal  Tinier 

George  Ulanet  Co.,  414  Market  St., 
Newark  5,  N.  J.,  has  added  a  new 
manual  reset  thermal  timer  to  its 
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•LAMINATIONS 

■HOUSINGS 

■CONTACTS 

■LUGS 

and  ■  Miscellaneous 

METAL  STAMPING 
I  PARTS 


We  have  designed  for  and  Supplied 
the  radio  industries  ior  many  years. 
Our  experience  can  prove  valuable 
to  you  whether  you  require  standard 
parts  or  specially  designed  parts  to 
meet  definite  specifications.  Let  us 
cooperate  with  you. 

Deliveries  depend  on  availability 
of  materials 


lnWl  TMi 

IU0H) 


NEW 

CATALOG 

YOUR  GUIDE  TO 


Send  for 
Your  Copy 


KOBZY 

TOOL  CO. 

1539  DAYTOH  ST. 
CHICAGO  22.  ILLIHOiS 
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/  \ 
For  heating  water,  oils,  paraffin, 
chemicals,  etc. 


VULCAN 


ELECTRIC 

IMMERSION 

HEATING  3 

UNITS 

AgSfy  of  FLANGES 
''Bolt  On" 

'  Pipe  Thread 
Straight  Thread. 

Single  and  three  heat  with  va- 
rious  metal  casings.  Complete 
with  gaskets,  terminal  cover,  etc. 

A  new  VULCAN  Electric  Immersion  Heater  is  especially 
designed  for  melting  fats,  greases  and  similar  compounds. 

VULCAN  ELECTRIC  COMPANY 

DANVERS  10,  MASS. 

Makers  of  a  wide  variety  of  Heating  Elements  foi  assembly  into  manu- 
.  facturers'  own  products  and  of  Heating  Specialties  that  use  electricity.  . 


approved 


ENAMELED 
MASNET  WIRE 


•  Much  of  the  success  of  this 
Hudson  Wire  product  is  due  to  a 
new  coating  method  that  gives  a  smooth, 
permonently-odherent  enameling.  Mercury-process  tests  guaran¬ 
tee  perfect  uniformity;  great  tensile  strength  assures  perfect 
laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engineering  and  design  facilities  are  at  your 
a  disposal  —  details  and  quotations  on  request. 

HDDSOI  WIRE  COMPANY 


W/MmMj 


WINSTED 


CONNECTICUT 


*  5  •  :  V  ,  -V^-  "l| 
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line  of  electric  heat  control  prod¬ 
ucts.  The  unit  is  activated  by  a 
heater  element  which  is  wound  on 
the  bimetallic  strip.  Timing  range 
is  from  20  seconds  to  3  minutes. 
Suggested  applications  are  standby 
power  plants,  process  control  pan¬ 
els,  and  the  like. 


Microwave  Generator 

Leru  Laboratories,  Inc.,  360 
Bleecker  St.,  New  York  14,  N.  Y. 
Designed  for  use  in  schools  and 
training  programs  the  60-kw,  3-cm 
magnetron  generator  has  a  switch 
selection  of  six  different  pulse  rates. 


INDUSTRIAL  SOCKETS 


The  advcmced  design  of  these  sockets  and 
the  well  known  high  integrity  of  Amphenol 
materials  and  production  can  save  you  thou¬ 
sands  of  dollars  in  "down-time."  Another 
economy  is  the  speed  and  simplicity  of  instal¬ 
lation  wiring.  And  these  Amphenol  sockets 
are  safe — they  guard  highly  trained  workers 
and  valuable  tubes,  so  don't  rely  on  make¬ 
shift  equipment! 

Included  in  the  wide  Amphenol  industrial 
tube  socket  line  is  the  Super  Jumbo  4  pin 
socket  for  top  or  bottom  mounting.  The 
exclusive  Cloverleaf  contacts  provide  four  fiUl 
lines  of  contact  with  tube  pins  to  carry  heavy 
current  loads.  Outstanding  in  performance 
they  are  equally  attractive  in  appearance — 
quality  on  all  covmts! 

So  insist  on  Amphenol  when  you  buy.  Write 
today  for  complete  and  well  illustrated  speci¬ 
fications. 


Also  featured  is  a  built-in  c-r  scope 
and  a  selector  switch  for  coding 
pulses. 


Control  Console 

Allen  B.  DuMont  Laboratories. 
Inc.,  42  Harding  Ave.,  Clifton. 
N.  J.  Type  TA-129-A  television 
transmitter  control  console  fea¬ 
tures  a  12-inch  picture  monitor  and 
power  supply,  line  and  frame  wave¬ 
form  monitors,  station  monitor  re- 


AMERICAN  PHENOLIC  CORPORATION 

1830  South  54th  Avonuo,  Chicago  50,  Illinois 
COMIU  CMLES  AND  CONNECTDIS  •  IHDDSTRIAL  COHNECTODS.  FITTINSS  AND 
CDNDMIT  •  ANTENNAS  •  RADIO  COMFONENTS  •  PLASTICS  FOR  ELECTRINICS 
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instrumentation  at  its  finest 


Gamma  Radiation  Survey  Meter 
Model  247A 


THE  VICTOREEN  INSTRUMENT  CO. 
5806  HOUGH  AVENUE 
CLEVELAND  3.  OHIO 


A  compact  portable  instrument  de* 
signed  to  cover  four  ranges  of  gamma 
radiation  intensities,  2.5 — 25 — 2500 
milliroentgens*  (1/1000  r)  per  hour. 
The  most  sensitive  range  approxi* 
mates  that  of  a  Geiger  instrument  and 
is  inherently  more  stable.  The  ioniza¬ 
tion  chamber  and  meter  are  her¬ 
metically  sealed*  and  the  case  is  water¬ 
tight.  Die  castings  have  been  used 
wherever  possible  for  unusual  rugged 
construction. 


Beta  and  Gamma  Survey  Meter 
Model  263A 

A  portable  Geiger-Mueller  Counter 
for  extreme  sensitivity,  capable  of 
detecting  individual  ionizing  par¬ 
ticles.  The  instriunent  has  three  full 
scale  ranges  of  20.0 — 2.0 — 0.2  milli¬ 
roentgens  per  hour  measured  with 
gamma  radiation  from  radium. 


ceiver,  visual  frequency  monitor 
and  all  necessary  visual  and  aural 
meters.  It  can  be  adapted  for  use 
with  any  make  or  model  trans¬ 
mitter. 

Breadboard  Servo 

Servomechanisms,  Inc.,  142  Mine- 
ola  Boulevard,  Mineola,  N.  Y.  The 
apparatus  illustrated  allows  quick 
and  accurate  trials  of  various  servo 


Victoreen  Minometer 
Model  287 


For  twenty  years  our  exclusive  busi¬ 
ness  has  been  the  development  and 
design  of  instruments  and  com¬ 
ponents  used  in  the  measurement  of 
gamma  and  x-radiation.  We  welcome 
your  inquiries  on  any  phase  of  radia¬ 
tion  measurement. 


systems.  Shafts,  gears,  spacers, 
and  other  components  are  described 
and  priced  in  a  catalog  just  issued. 

Television  Rehearsal 
Equipment 

Television  Projects,  Inc.,  24  Wal¬ 
nut  St.,  Newark,  N.  J.  Type  148-C 
television  studio  rehearsal  equip¬ 
ment  illustrated  comprises  camera. 


The  Minometer  provides  a  prescrip¬ 
tion  for  computing  daily,  the  amount 
of  radiation  exposure.  It  consists  of  a 
small  compact  string  electrometer 
and  an  ionization  chamber  designed 
in  the  shape  of  a  fountain  pen  to  be 
carried  conveniently  in  a  coat  pocket. 
The  chamber  value  is  0.2  r  full  scale 
when  checked  against  the  calibrated 
t  scale  in  the  electrometer. 
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NEW  PRODUCTS 
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studio  control  console,  and  all  neces¬ 
sary  circuits  for  school  demonstra¬ 
tion,  or  prog:ram  planning  use.  A 
brochure  is  available. 


End-Window  Counter 

Instrument  Development  Labo¬ 
ratories,  229  W.  Erie  St.,  Chicago 
10,  Ill.  Model  DS-l  Geiger  tube  has 
an  all-glass  envelope  with  a  mica 
window  at  the  end,  and  is  a  syiri- 
metrical  cylinder  either  with  or 
without  a  socket  which  can  be  pro- 


Air  Express  is  the  fastest  service  you  Call  on  Air  Express 
can  buy.  Use  it  regularly  to  ship  and 
receive  supplies,  equipment  and  parts. 

It  solves  yoiu’  snortage  problems  in  a 
matter  of  hours. 

Air  Express  shipments  go  on  all  C  |  y 

flights  of  the  Scheduled  Airlines.  7^ 

There’s  no  waiting  around  with  this 
speedy  24-hour  service.  Special  pick-  Z. 
up  and  delivery  is  included  at  no  extra  \ 
cost,  and  Air  Express  rates  are  low.  It  \  *  f  _ 

pays  to  statidardize  on  Air  Express.  V 


vided  if  desired.  It  has  a  plateau 
from  1,100  to  1,300  volts,  with  a 
slope  of  3  percent  per  hundred  volts. 


Mercury  Relay 

Ebert  Engineering  &  Mfg.  Co. 
185-09  Jamaica  Ave.,  Hollis  7,  L.  I. 
New  York.  The  three-pole  norm- 
ally-open  or  normally-closed  mere- 


•  Low  rates — special  pick-up  and  delivery  in  principal  U.  S.  towns  and 
cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

Tiy*  case  history:  Dallas  motor  repair  shop  regularly  gets  supplies  by 
Air  Exprress.  Keeps  equipment  rolling.  Typical  shipment;  60-lb.  carton 
of  rubber  hose  picked  up  in  Indianapolis  5  p.m.,  delivered  9:30  a.m. 
following  day.  777  miles.  Air  Express  charge  only  S1I.74.  Any  dis¬ 
tance  similarly  inexpensive.  Phone  Air  ^press  Division,  Railway 
Express  .Agency,  for  fast  shipping  action. 


Rales  include  pick-up  and  delivery  door 
to  door  in  all  principal  towns  and  cities 


ury  relay  illustrated  will  handle 
loads  up  to  10  hp  at  440  v  a-c. 


Small  Volume  Control 

Clarostat  Mfg.  Co.,  Inc.,  130 
Clinton  St.,  Brooklyn,  N.  Y.  A 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 

SCHEDULED  AIRLINES  OF  THE  U.S. 
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Hollow  lugs^  speed  vj^iring  from  top  or 
bottom  of  terminal  board. 


X1782 


X1783 


XI 798 


X1784 


X1785 


Lugs  shown  actual  size.  Notiv  the  midget 
split  lug  for  hearing  aids  and  other  small- 
space  applications.  Ask  for  prices  by 
code  number. 


Short 


Terminal 

wager  Double-End  Board 

<jf  ////ftu/ffif/ 
\/t<'  tan 


TEST  TV  TRANSMISSION 
★  and  RECEPTION  ★ 


TELEQUIP 


SYNC  GENERATOR 
and  MONOSCOPE 
with 

Monoscope  Picture  Generator 
and  Distribution  Panel 


H  Produces  regular  pictures  used  with  TV  trans¬ 
mitters.  Gives  synchronizing,  driving  and 
blanking  signals  for  testing,  research  and 
development  work,  with  monoscope  controls 
and  distribution  signals  for  use  at  various 

Invaluable  to  manufacturers  of  -TV  receivers 
and  broadcasting  units  for  checking  faults  rtot 
likely  to  be  observed  by  other  methods.  Can 
be  used  at  transmitting  stations  as  auxiliary  unit.  Available  either 
in  combination  or  as  separate  units. 

Now  vsod  oxclvtivoly  by  many  loading  manvfacturors  of  tolo- 
vision  oquipmont. 

Send  for  this  illustrated  monograph  completely  describ¬ 
ing  the  new  Telequip  Sync  Generator  and  Monoscope. 

TELEQUIP  RADIO  COMPANY 

1903  SOUTH  WASHTENAW  AVENUE  •  CHICAGO  8,  ILLINOIS 


••• 


These  new  CTC  terminal  lugs  for 
quick,  easy,  neat  connections  are 
typical  of  the  broad  line  in  midget, 
short,  turret,  double-end  and  split 
types  ...  in  sizes  to  meet  widely 
varying  needs.  They’re  all  strongly 
made  of  quality  brass,  heavily  silver 
plated;  yet  they’re  free  from  surplus 
metal  that  would  draw  heat  and  slow 
down  soldering.  Their  tolerances  are 
uniform  enough  for  automatic 
swaging.  And,  of  course,  Kke  all  CTC 
components  and  hardware,  they’re 
guaranteed  for  materials  and  work¬ 
manship! 

CUSTOM  SERVICE 

Chances  are  you’ll  find  the  terminal 
lugs  you  need  in  the  CTC  standard 
line.  It’s  wise  to  check  first.  If  not, 
CTC  will  custom -engineer  lugs  to 
your  specificatior^.  A  discussion  of 
your  requirements  will  not  obligate 
you  in  any  way. 


Materials  for  potting,  dipping  or  impreg¬ 
nating  all  types  of  radio  components  or>  all 
kinds  of  electrical  units.  •  Tropicalized 
fungus  proofing  waxes.  •  Waterproofing 
finishes  for  wire  jackets.  •  Rubber  finishes. 
•  Inquiries  and  problems  invited  by  our 
engineering  and  development  laboratories. 


YEARS 


Zophar  Mills,  Inc.  has  b««n  known  for  its  dopondoblo  sorvtco  and 
uniformity  of  product  sine*  1846. 


ZOPHAR  MILLS,  Inc 


117  26th  STREET,  BROOKLYN  32,  N.  Y 


CAMIRID6E  THERMIONIC  CORPORATION 

437  Concord  Avenue,  Cambridge  38,  Moss, 
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small  compact  carbon  volume  con¬ 
trol  can  be  obtained  with  or  with¬ 
out  switch.  Standard  units  are 
available  in  0.25,  0.5,  1.0  and  2.0 
megohm  values,  with  the  Z  audio 
taper. 


Now,  or^  crystal  holder  for  your 
new  applications.  A  development 
of  many  years,  this  hermetically 
sealed,  miniature  crystal  holder  is 
designed  to  cover  a  frequency 
range  from  1  to  75  fAc.  and  can 
be  made  to  tolerances  as  close  as 
plus  or  minus  .0002%.  Supplied 
with  either  pins  or  wire  leads,  this 
new  crystal  holder  will  supplant 
the  multitude  of  holders  now  used 
in  your  circuits.  Standardize  with 
the  RH-7! 


Resonant  Relays 

Stevens-Arnold  Co.,  22  Elkins 
St.,  South  Boston,  Mass.  The  new 
hermetically-sealed  resonant  relays 
are  used  in  low-level  circuits  where 
a  change  in  leakage  resistance 


might  be  important.  They  operate 
only  when  energized  at  a  prede¬ 
termined  frequency.  Catalog  116 
gives  description  and  specifications. 


REEVES  ^HOFFMAN 

CORPORATION 

CHERRY  AND  NORTH  STREETS  •  CARLISLE,  PA. 


VTVM 

Hewlett-Packard  Co.,  395  Page 
Mill  Road,  Palo  Alto,  Calif.  Model 
400C  vacuum  tube  voltmeter  pro¬ 
vides  readings  from  0.1  millivolt  to 
300  volts  in  the  frequency  range 
from  20  cycles  to  2  megacycles.  A 
special  output  terminal  permits 


186 


August,  7948  — ELECTRONICS 


4 


Pickering 

&  Compnng.  Inc- 


Oceanside,  Long  Island,  N.  Y. 


new  products 


(continued) 


PICKERING  REPRODUCERS 


use  of  the  new  device  as  a  stabilized 
amplifier.  Full  details  are  avail¬ 
able. 


Pulpit  Mike  Stand 

Special  Products  Co,,  Silver 
Spring,  Md.  A  new  model  portable 
adjustable  microphone  stand  can 
be  attached  to  pulpit  or  table.  The 
top  underside  of  the  clamp  is  felt- 


THf  PICKERING  MODEL  161M  PICKUP  incorporates  all  of  the  require¬ 
ments  for  the  finest  possible  reproduction  of  lateral  records  and 
transcriptions.  It  is  extremely  rugged  and  absolutely  stable,  ensuring 
long  trouble-free  service  with  minimum  record  wear,  technical 
SPECIFICATIONS  include:  Perfectly  polished  diamond  stylus  with  .0025^' 
radius;  other  radii  available  on  special  order  at  no  extra  cost  ^  ^ 
Correctly  offset  head  gives  negligible  tracking  error  *  ^  Extremely 
rugged,  may  be  scraped  across  records  or  dropped  from  full  height 
without  damage  to  pickup  ^  Tracking  pressure  adjusted  at  factory 
to  14-18  grams  ^  ^  No  measurable  effect  of  temperature,  humidity 
or  age  ♦  Equalized  output  level  — 60  dbm  ^  *  Frequency  response 
flat  within  1  db  from  30  to  15,000  cycles  per  second  ^  *  Back¬ 
tracking  will  nat  affect  either  pickup  or  record  ^  ^  Convenient  finger 
grip  permits  rapid  accurate  cueing  ^  Optimum  combination  of 
counterweight  and  spring  permits  excellent  performarKe  on  warped 
records  ^  *  Convenient  to  mount,  occupies  least  space  of  any 
transcription  reproducer  No  measurable  intermodulation  or 

harmonic  distortion  ★  Adaptable  for  turntables  from  1"  to 
high  *  *  UNCONDITIONALLY  GUARANTEED. 


lined  and  an  upright  rod,  held  in 
position  by  a  thumb  screw,  is  ad¬ 
justable  up  to  ten  inches.  The 
universal  joint  in  the  center  per¬ 
mits  a  2-foot  horizontal  boom  ex¬ 
tension  with  locking  at  any  angle 
selected.  Price  is  $13.95  list. 


THE  DICKERING  Mo<l«l  163 A  EQUALIZER 

f  1 .  Flat  high  froquoncy 


MADE  to  0  toltraaco  of  ^  I  A, 
pnvidot  fin  diffortul  lotorol 
choroctorittics  to  oqoolin  Froforly 
•II  typot.of  rotordt  ood  traMcri^ 
tioM.  It  it  dotifiMd  for  oio  wM 
250  to  <M  ohn  iopot  dmitt 
at  •  lovol  of  -40  dbou 
Hom  pidmp  it  lost  thM  -120  dho. 
Tho  modal  U1M  FlUEIINC  FiaUP 
with  •  IA3A  EQUALIZER  it  to 
ftM  from  ditlortioo  of  olt  kiadt 
thot  it  moy  bo  otod  ot  • 
tloodord  for  mootorimmt. 


- -  ovor 

15,000  cyciM  par  torend.  lew  froquancy 
rii#  to  give  full  compantolion  from  500 
to  40  cvcloi. 

2.  Flot  high  frequency  retpente.  Low  fre¬ 
quency  retponie  approximately  5  db  be¬ 
low  petition  1. 

3.  For  NAB  or  Orthocouttic  trontcriptieni. 

4.  lew  frequencies  tome  at  position  3.  High 
frequencies  sharply  attenuated  to  reduce 
surface  noise.  Attenuation  starts  at  4000 
cycles. 

5.  low  frequencies  tome  os  position  I.  High 
frequencies  tame  as  positioe  4. 


Pickup  Amplifier 

Collins  Audio  Products  Co.,  Inc., 
P.  0.  Box  368,  Westfield,  N.  J. 
Model  1-A  amplifier  can  be  used 
with  a  variety  of  types  of  magnetic 
pickup  cartridges.  It  consists  of  a 


IpA  THE  PICKERING 

Mod*!  nOM 
^  CARTRIDGE  REPRODUCER 

A  compocl  vtrtion  of  the  FICKEKIN6 
PICKUP  lor  high  quality  roprodoctioti. 
it  fits  into  ony  orm  which 
trill  occommodoto  o  stondord  <ortrid|o 
and  affords  tho  citonott  ond  smoothott 
rttponto  otor  ochioyod.  Its  Froqooncy 
Rotponto  it  ^  2  A.  40-10,000  cpt 
...Its  Wanform  Distortion  it  1  pofconl 
mnimum  ...  its  Output  lovol  it 
70  niillivolts  ±  2  db  ...  its  Trucking 
Protsuro  it  15  grmnt  maximum  at 
40  and  10,000  cpt.  NO  OTHER 
PICKUP  CAN  MATCH  THE  PERFORMANCE 
OF  TNE  PIUERING  MODEL  IZOM 


THE  PICKERING  Model  12SH 
EQUAUZER-AMPLIFIER  for  uto 
witb  model  120M  PICKERING  UR- 
TRIDGE  REPRODUCER -it  componsotos 
for  ovorogo  recording  choroctoristic, 
roitot  output  voltage  to  ot  high  at  ob- 
toinoble  from  crystal  pickups,  operotet 
from  the  power  supply  of  amplifier  or 
rodio  tot,  toving  cost  of  seporote  power 
supply,  very  simple  to  instoll. 
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small  metal  shield  can  with  an 
octal-plug  base  measuring  I|x2x2i 
inches  in  whiCh  is  wired  the  com¬ 
plete  equalizing  circuit  including 
vacuum  tube.  The  unit  requires 
no  long  cable  but  may  be  plugged 
into  a  tube  socket.  Requirements 
are  0.3  amp  at  6.3  v,  2  ma  at  250  v. 
Output  averages  0.5  to  1.0  volt. 


Millivolt  Meter 

Millivac  Instruments,  Box  3027, 
New  Haven,  Conn.  Model  MV-17A 
vacuum  tube  millivoltmeter  for 
d-c  has  a  magnetic  modulator  that 
converts  the  incoming  signal  to  a 
120-cycle  wave  that- is  then  ampli- 


Western  Union's  new  Telefax  Receiver,  the  Desk-Fax  model,  is  a 
compact  facsimile  telegraph  sending  and  receiving  system  for  desk 
use.  Accurate  •  timing  is  one  of  the  fundamentals  of  its  ingenious 
operation  and  the  new  device  is  wired  fc-  dependable  Haydon  timing. 
A  4^1600  series  motor  is  used  to  drive  the  scanning  stylus  from  left  to 
right  by  means  of  a  drum  and  cord.  The  synchronous  motor  opera¬ 
tion  permits  Constant  speed  stylus  movement  and  both  sending  and 
receiving  units  run  at  the  same  speed. 

'Western  Union  pioneers  in  communications,  Haydon  in  the  science  of 
timing  .  .  .  developing  devices  and  motors  which  make  possible 
progress  in  all  fields  of  industry.  In  addition  to  producing  timing 
motors  and  a  wide  range  of  standard  timers,  Haydon  also  specializes 
in  design  engineering  and  production  of  custom-built  timing  devices 
for  specific  volume  applications.  Wherever  timing  is  important,  Haydon 
is  ready  to  assirt. 

Wire  or  write  for  a  Haydon  representative  to  call.  If  it's  time  for 
timing,  it's  time  for  Haydon.  An  Engineering  Data  Catalog  is  available. 
For  quick  reference,  see  Haydon  Catalog,  Sweet's  File. 


fied.  Lowest  range  is  0  to  1  milli¬ 
volt  with  6  megohms  input  imped¬ 
ance.  Top  range  is  0  to  1,000  volts 
with  60  megohms  input  impedance. 
Bulletin  11-105  gives  details  of  this 
equipment  that  opens  up  new 
measurement  techniques. 


Miiltiturn  Dial 

The  Helipot  Corp.,  1011  Mis.sion 
St.,  South  Pasadena,  Calif.  The 
Duodial  is  a  multiturn  dial  devel- 


WRITE  2408  ELM  STREET,  TORRINGTON,  CONNECTICUT 


MANUFACTURING 
TORRINGTON 


HARNtSS  TIME  TO 


COMPANY,  INC 


CONNECTICUT 

YOUR  PRODUCTS 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 
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—  SlfNTHETIC  SAPPHIRE 

Has  High  Elecfrical  Resistance 


Linde  synthetic  sapphire  offers  s|>eeiiie  advantages  for 
electronic  uses.  Sapphire  maintains  these  projierties  at 
elevated  temperatures. 

Dielectric  Constant  7.5  to  10 

T.  Point  .  .  .  .  .  .  1,214  de}:.  C.  to  1.231  «lep.  C. 

(Temperature  at  which 
resistance  becomes  1  inepohm) 

Melting  Point  . .  2,030  deg.  C. 

Thermal  (Conductivity . 0.015 

(cal.  8«»c.“*  cm.~*  deg.  C.~* 
at  500  deg.  C.) 

Thermal  Expansion  (Coefficient . 8.3  to  0.0 

(|>er  deg.  (C.  x  10*  at  1,(MM)  deg.  (CC.) 


The  full  facilities  of  the  laboratories  of 
the  Howard  W.  Sams  Manufacturers’ 
Division  are  available  to  manufacturers 
of  AM,  FM  and  Television  Receivers; 
Record  Changers;  Recorders;  Intercom 
units;  Power  Amplifiers,  and  kindred 
electronic  equipment,  for  the  preparation 
and  publication  of  their  service  data 
manuals. 

The  Sams’  Service  offers  you  the  prepa¬ 
ration  of  complete,  accurate,  logical 
service  data,  relieving  your  service  and 
engineering  divisions  of  burdensome  de¬ 
tail,  and  effecting  significant  economies 
in  preparation  and  printing  costs. 

Our  staff'  of  service  engineering  spe¬ 
cialists  are  ready  to  prepare  from  thor¬ 
ough  analysis  of  the  actual  equipment, 
the  following  data:  Text  matetal,  cover¬ 
ing  consiruaion,  operation,  installation 
and  service  procedure;  compilation  of 
parts  lists  and  specifications;  clear,  ac¬ 
curate  schematic  diagrams  based  on  the 
exclusive  PHOTOFACTT  "Standard  No¬ 
tation"  system;  "exploded"  views  and 
full  photographic  coverage  of  the  prod¬ 
uct.  Production  experts  supervise  the 
final  preparation  and  publication  of 
data. 


Write  for  the  LiSDE  Synthetic 
Sapphire  Technical  Data  Sheet  No.  A-l. 

The  Linde  Air  PRODuas  Company 

Unit  of  Union  Corbide  and  Carbon  Corporation 
30  East  42nd  Street  MIdd  New  York  17,  N.  Y. 
In  Canada: 

Dominion  Oxygen  Company,  Limited,  Toronto 


The  W€H*d  “Linde"  is  a  trade-mark  of  The  Linde  .Air  Fruducta  Company 


Over  20  years  of  fabrieafing  experience 


NOW  SERVING  THESE  CLIENTS 


We  ate  at  present  serving  a  considerable 
industry  group.  Service  manuals  and 
data  have  been  satisfactorily  prepared 
(with  many  others  in  work)  for: 

Brush  Development  Co. 

Colonial  Radio  Corp. 

Crescent  Industries 

Emerson  Radio  &  Phonograph 

General  Elearic  Co. 

The  Hallicrafters  Co. 

Lear,  Inc. 

Meissner  Mfg.  Co. 

Milwaukee  Stamping  Co. 

Montgomery  Ward  &  Co. 

Sears  Roebuck  &  Co. 

Telequip  Mfg.  Co. 

V-M  Corporation 

Wire  Recording  Corp.  of  America 
Specimens  of  our  work  are  available  on 
request.  You  inquiries  are  invited.  Our 
representative  will  gladly  call  on  you  to 
explain  the  entire  service.  Address  your 
inquiries  to  out  Manufacturers’  Division. 


BAKELITE 

m  •  SHEETS,  RODS,  TUBES. 

BAKELITE  AND  FIBRE  FABRICATED  PARTS. 

PUNCHING,  DRILLING,  MILLING 
AND  ENGRAVING 


HOWARD  W.  SAMS  &  CO.,  INC. 

Indianapolis  7.  Indiana 
Publishers:  PHOTOFACT  Folder  SeU  and 
Volumes;  "Automatic  Record  Changer  Service 
Manual";  "Dial  Cord  Stringing  Qulde"; 
"Radio  Receiver  Tube  Placement  Guide": 
"Radio  Industry  Red  Book".  Other  Volumes 
in  preparation.  Complete  data  on  request. 


<ur  Prints  or  Samples  for  Quotations 


ELECTRICAL  INSULATION  C0.,INC 

12  VESTRY  ST..  NEW  YORK  13,  N.Y.  > 


TRONICS 
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ope(i  for  use  with  helical  potentiom¬ 
eters  but  having  other  applica¬ 
tions  as  welL  It  consists  of  a 
primary  knob-dial  geared  to  a  con¬ 
centric  turns — indicating  sec¬ 
ondary  dial  and  requires  a  panel 
space  only  two  inches  in  diameter. 


Predetermined  .Counters 

Potter  Instrument  Co.,  Inc., 
136-56  Roosevelt  Ave.,  Flushing, 
N.  Y.  A  new  line  of  multiple- 
sequence  counters  use  four-tube 
counter  decades  and  are  designed 
to  predetermine  any  number  of 
selected  counts  occurring  in  se- 


Specially  developed  for  recording  in  flight,  the 
TiTE  S12.A  OSCILLOGRAPH  and  the  TYPE  OA-2  GAL- 
VANOMETER  are  ideal  for  operation  under  acceleration 
or  vibration. 

The  TYPE  S12-A  OSCILLOGRAPH  is  a  complete 
instrument  with  internal  governor  motor,  gear-driven 
record,  timing  device,  record  numbering,  automatic 
record-length  control,  and  record  footage  indicator. 
Rigid  cast  aluminum  case  has  carrying  strap,  measures 
only  ten  inches  wide  by  18  inches  long,  and  weighs 
only  35  pounds. 

Fully  described  in  Technical  Bulletin  SP>I67  A 

The  TYPE  OA-2  GALVANOMETER  can  be  sup¬ 
plied  in  66  different  combinations  of  sensitivity  and 
natural  frequency,  for  accurate  recording  up  to  6000 
cycles  per  second.  The  OA-2  is  the  only  galvanometer 
suitable  for  use  under  extreme  vibration  or  acceleration. 

Fully  described  in  Technical  Bulletin  SP>156  A 

The  TYPE  MRC-12  STRAIN  GAGE  CONTROL 
UNIT  is  the  smallest  complete  six-channel  static- 
dynamic  strain  gage  amplifier  and  balancing  unit  in 
existence.  Complete  with  carrying  strap,  batteries, 
six  amplifiers,  six  balancing  boxes,  and  2000-cycle 
oscillator,  the  MRC-12  weighs  only  42  pounds. 

Fully  described  in  Technical  Bulletin  SP-177  A 


quence.  Pictured  here  is  the  three- 
sequence  unit  which  will  predeter¬ 
mine  three  different  counts  that 
occur  in  sequence,  each  of  which 
can  be  any  number  from  1  to 
10,000.  Output  consists  of  three 
high-speed  mercury-type  relays. 


Disc  Recorder 

Rek-O-Kut  Co.,  Inc,,  38-01  Queens 
Boulevard,  New  York,  N.  Y.  A 
new  12-in.  disc  recorder,  illus¬ 
trated,  has  a  dual  speed  turntable. 


INSTRUMENT  COMPANY. 

I31S  so.  CLARKSON  STREET  •  DENVER  IQ,  COLORADO. 
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Mass.  The  recent  paper  tubular 
capacitors  feature  new  design, 
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overhead  feed  mechanism,  and  self- 
contained  8-in  speaker. 


Paper  Tubulars 

AERnvoX  CORP..  Npw  RpHfnrH. 


Babcock  Radio  Engineering,  Inc., 
6164  Sepulveda  Blvd.,  Van  Nuys, 
Calif.  Model  P2A  regenerative 
preselector  has  a  4-band  range  of 
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G.  H.  Leland  Inc.,  118  Webster 

St.,  Dayton  2,  Ohio.  The  Ledex  As  vital  as  each  expertly  drawn  plan,  is  the  material 

no.  7  and  no.  8  rotary  solenoids  which  receives,  reproduces  and  preserves  it.  For  this 

were  designed  to  produce  torques  important  purpose,  the  matted  fibers  of  paper  cannot 

of  25  and  50  pound-inches,  respec-  compare  with  the  selected,  uniform,  new  cotton  fibers 

tively.  A  choice  of  wire  sizes  from  woven  and  bonded  into  Arkwright  Tracing  Cloth! 

no.  13  to  no.  ^35  represents  d-c  Use  Arkwright,  even  for  preliminary  or  one-job  draw¬ 

ings  that  may  be  urgently  needed  for  future  use  or 
reference.  That’s  the  safer,  thriftier  way! 

Prove  to  yourself  the  extra  worth  and  work  ability 
of  Arkwright  for  all  drawings.  Send  for  generous 
working  samples.  Arkwright  is  sold  by  leading  draw¬ 
ing  material  dealers  everywhere.  Arkwright  Finishing 
Co.,  Providence,  R.  1. 


Purchasing  Agent:  "i  thought  this  was  a  first  class  place  to 
eat.  Just  look  —  paper  rtapkins!" 

Chief  Draftsman:  "You  should  talk!  Over  at  the  plant  you 
expect  my  department  to  produce  useful  drawings  on 
perishable  fracing  paper  instead  of  permanent  Arkwright 
Tracing  Cloth!" 


Aerolene  impregnant  and  Duranite 
casing.  The  line  is  moisture-proof 
and  designed  for  climatic  extremes. 


Rotary  Solenoids 


operation  from  6  to  550  volts.  Rec¬ 
tifiers  can  be  supplied,  as  acces¬ 
sories,  for  solenoid  operation  on 


Regenerative  Preselector 


The  Big  Six  Reasons  Why 
Arkwright  Tracing  Cloths  Excel 

1.  Erasures  re-ink  without  feathering. 

2.  Prints  are  always  sharp  and  clean. 

3.  Tracings  never  discolor  or  go  brittle. 

4.  No  surface  oils,  soaps  or  waxes  to  dry  out. 

5.  No  pinholes  or  thick  threads. 

6.  Mechanical  processing  creates  permanent 
transparency. 


ARKWRIGHT 


UNIVERSITY  OF  MICHIGAN  LIBRARIES 
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10,  11,  15  and  20  meters;  and  gen¬ 
eral  coverage  is  from  13  to  40  me. 
It  uses  miniature  6AU6,  6J6  and 
also  VR150  tubes.  Net  price  is 
$27.50. 


Snap  Action  Switch 

Acro  Electric  Co.,  1316  Superior 
Ave.,  Cleveland  14,  Ohio.  Snap- 


action  switches  rated  by  Under¬ 
writers  Labs  at  15  amp,  125  volts, 
or  7.5  amp,  250  volts  a-c  are  avail¬ 
able  in  two  sizes  as  shown. 


Yes,  Brush  ofcillographs  draw  insiant  pictures  of  electrical 
impulses.'  Eliminate  delays  and  trouble  when  you  want 
accurate,  permanent,  ink-on-poper  recordings. 

Recordings  of  strains,  pressures  and  countless  electrical 
phenomena  con  be  made  over  a  frequency  range  of  D.C.  to 
100  c.p.s.  Todoy  Brush  Oscillographs  are  available  in 
Single,  Double  and  Six  Channel  models.  The  magnetic  Pen 
Motor  is  available  separately  for  incorporation  into  equip¬ 
ment  such  aa-  medical,  geophysical  and  other  highly 
specialised  designs.  Whenever  desired,  recordings  may  be 
stopped  for  notations  on  chart-paper. 


D-C  Timing  Motor 

A.  W.  H.\ydon  Co.,  Waterbury, 
Conn.  Serie.«i  6400  d-c  and  11400 
a-c  time  delay  relays  have  a  plane¬ 
tary  differential  and  capstan-type 
clutch  mechanism  which  is  de¬ 
signed  to  drive  the  switch  actuat- 


Brusb  Model  BL  $13  D.C.  AmpMer.  Well 
adapted  to  the  measurement  of  static 
or  dynamic  phenomena  such  as  tem¬ 
perature.  light,  pressures,  strains,  etc. 


Write  today  for  detailed  bulletin 


•f  imUSTSUi  iNliTSHMENTS  WV.  •  CtTSTAl  OtVISiOl 


DEVELOPMENT  COMPANY 


Canadian  R«pr*Mntativ«s:  A.  C.  Wickmon  (Canada)  Ltd.  P.  O.  Box  9,  Station  N,  Toronto  14 
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FOCUS  COIL 


saves  money 


Economy  in  building  tele¬ 
vision  sets  is  important  and 
the  General  Electric  Focus  Coil 
points  the  way  to  important 
savings  in  manufacturing. 


1  The  G-E  Focus  Coil  re¬ 
quires  less  current  —  per¬ 
mitting  the  use  of  lower- 
priced  power  supplies. 

2  It  is  a  combination  of  the 
new  G-E  Alnico  6  perma¬ 
nent  magnet  and  an 
electro-magnet. 

3  It  is  simple  to  install. 
Forming  a  single  assem¬ 
bly  with  the  deflection 
yoke  and  centering  de¬ 
vice,  the  entire  assembly 
is  mounted  with  one 
bracket. 


4  Itissmall.compact,  light¬ 
weight— giving  set  de¬ 
signers  more  space  to 
utilize. 


When  your  sets  are  placed  on 
the  market— be  sure  they’re 
equipped  with  this  little  G-E 
Focus  Coil  with  the  four  big 
features. 


For  complete  information  on 
Television  Components  write: 
General  Electric  Company, 
Electronics  Park,  Syracuse,  N.  Y. 


GENERAL  ELECTRIC 
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This  Ziffle 


fNOTHEt 
SPECIAL  BT 
PIOSIESSIVE 


OtTALL 


SHOWS  »0»»S 

to  coW  sud 

M  io»  y®***  .u  »t»*4**® 


^DUMONT 

TYPE  P8 
125  »C 

Siiicone 

OIL  CAPACITORS 

SOLVES  THE  HIGH  HEAT  CONDENSER  PROBLEM 


#  New  silicone  oil  capacitors  for  continu¬ 
ous  A/C-D/C  up  to  1 25®  C. 

#  Mode  in  ceramic  or  bokelized  tubes. 

#  Cop. -.00005  to  1.0  M.F.D.  From  100 
volts  to  20000  volts. 


Send  for 
LUoraturo 


UNiVERStTY  OF  MiCHiOAN  LtBRARlFS 


(continued) 


MACALLEN  M/CA 


ALL  FORMS,  ALL  QUANTITIES  —  ALL  DEPENDABLE 


The  hen  gives  herself  a  good  round  of 
applause  every  time  she  lays  an  egg. 
And  well  she  might  —  but  she  couldn’t 
have  done  it  without  that  little  bit  of 
calcium  which  forms  the  shell. 

^  Every  time  a  top  engineer  sees  one  of 
his  drawing  board  dreams  breaking  a 
speed  or  endurance  record,  he  says  to 
himself,  “I  did  it  —  did  it  —  did  it!” 
—  and  that  does  not  mean  he  has  laid 
an  egg,  either. 

But  that  dream  could  not  have  materi¬ 
alized  —  not  good  —  without  that  little 
bit  of  so-essential  Mica.  And  not  real 
good  —  if  that  Mica  wasn’t  Macallen. 


when  you  think  of  MICA,  think  of  MACALLEN 


•  16  MACALLEN  ST.,  BOSTON  27,  MASS. 


CHICAGO:  565  W.  WASHINGTON  ilVD 


CllVtlAND:  123  1  SUFERIOR  AV& 


NEW  PRODUCTS  (continued) 

ing  arm  when  the  clutch  holds  the 
third  element  of  the  differential 
stationary..  Weight  is  approxi¬ 
mately  one  pound  and  the  unit  may 
be  modified  to  specifications  for 
individual  applications. 


Master  Switch 

General  Control  Co.,  1200  Sol¬ 
diers  Field  Road,  Boston,  Ma^s., 
announces  the  TC-58-M  master 
switch  which  has  centralized  fin¬ 
gertip  control  for  the  entire  trim- 


tab  system  of  an  airplane.  All 
switch  elements  of  the  unit  are  of 
the  snap-action  type,  able  to  handle 
a  10-ampere  noninductive  load  at 
24  volts  d-c. 


Wide-Range  Scope 

Electronic  Development  Labor¬ 
atory,  2655  W.  19th  St.,  Chicago, 
Ill.  Model  75  wide-range  oscillo¬ 
scope  has  a  vertical  amplifier  re¬ 
sponse  of  ±2  db  from  10  cycles  to 
5  megacycles,  permitting  study  of 
television  signals  and  all  wave¬ 
forms  with  high  harmonic  con¬ 
tents.  It  features  a  self-contained 


*  * 

I 
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American  Television  &  Radio  Co. 

,  Quaictif  ‘Piaducti  Scnee  W3f 

k  SAINT  PAUL  1,  MINNESOTA-U.  S/A 


NEW  PRODUCTS  (continued) 

voltajare  calibrator  with  ±5-percent 
accuracy.  Information  is  also 
available  on  the  model  49-A  5-inch 
scope. 


Vane  Tuner 

Modulation  Products  Co.,  509 
23rd  St.,  Union  City,  N.  J.  The 
new  a-m  and  f-m  tuning  device 
mounts  on  the  shaft  of  any  tuning 
capacitor.  The  unit  is  supplied 


either  as  a  two  or  three  gang  vane 
tuner  mounted  on  an  a-m  tuning 
capacitor  or  as  a  complete  r-f 
chassis  for  a-m  or  f-m  design. 


4udio  Oscillator 

General  Electric  Co.,  Syracuse, 
N.  Y.,  has  announced  the  type 
YGA-4  audio  oscillator,  developed 
primarily  for  the  serviceman.  A 
stable  bfo  circuit  enables  the  unit 


For  inverting  D.  C  fo  A.  C.  •  •  • 

Specially  Designed  for  operating  A.  C.  Radios, 
Television  Sets,  Amplifiers,  Address  Systems,  and 
Radio  Test  Equipment  from  D.  C.  Voltages  in 
Vehicles,  Ships,  Trains,  Planes  and  in  D.C.  Districts. 


New  Models 


New  Models 


AUTO  RADIO 

VIBRATORS 


”A’*BAnERY 
ELIMINATORS  ^ 

For  DEMONSTRATING  AND  TESTING 
AUTO  RADIOS 

New  Mode/s  .  .  .  Designed  for  Testing 
D.  C  Bectricol  Apparatus  on  Regular 
A.  C  Lines.  Equipped  with  Full*  Wave 
Dry  Disc  Type  Rectifier,  Assuring  Noise¬ 
less,  Interference-Free  Operation  and 
Extreme  Long  Life  and  Reliability. 


A  Complete  Line  of  Vibrators  .  .  . 
Designed  for  Use  in  Standard  Vibrator- 
Operated  Auto  Radio  Receivers.  Built 
with  Precision  Construction,  featuring 
Ceramk  Stack  Spacers  for  Longer  Lasting 
Life.  _ 

V 


VllfATOI 

Suite 


to  deliver  a  low  distortion  output 
voltage  which  remains  constant 
within  rfc  1  db  over  the  50  to  15,000 
cycle  range. 


F-M  Tuner 

Collins  Audio  Products  Co.,  Inc., 
P.  0.  Box  368,  Westfield,  N.  J.  The 
new  f-m  tuner  includes  the  6AL7- 
GT  tuning  indicator,  three  i-f 
stages  and  two  ca.scade  limiters.  It 
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CATALOG  TRANSFORMERS 

our  catalog  specifications. 

SPECIAL  TRANSFORMERS  . 

your  specifications. 


TRANSFORMERS 


NEW  PRODUCTS 
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has  a  10-microvolt  sensitivity.  ,  A 
total  of  11  tubes  is  included  in  the 
compact  unit. 


that  meet 


that  meet 


•  A  wide  range  of  stock  transformers  is 
accompanied  by  an  engineering  service  that 
offers  industry  a  dependable  source  of  spe¬ 
cial  transformers  for  every  requirement. 
Write  for  catalog  or  supply  specifications 
tor  special  transformers. 


Life-Size  Television 


CoRTLEY  Television  Corp.,  15  W. 
27th  St.,  New  York  1,  N.  Y.,  has  de¬ 
veloped  a  new  type  television  re¬ 
ceiver  capable  of  throwing  a  pic¬ 
ture  varying  in  size  from  several 


FILTERS 

Engineering  to  provide 
any  filter  that  you  will 
need.  Manufacturing 
facilities  that  assure  you 
dependable  production 
schedules  and  uniform¬ 
ly  dependable  filters. 

Illustrated  band  pass  filter  is 
typical  of  the  unusual  engineered 
filters  that  ADC  produces  for 
electronics  industry.  Write  ADC 
for  prompt  and  efficient  engi¬ 
neering  and  production  service 
for  filters. 

PATCH  CORDS 
and  JACK  PANELS 

ADC  patch  cords  are  used  as  stand¬ 
ard  by  hundreds  of  broadcast  stations 
over  the  country.  They  are  preferred 
for  their  dependability  and  quality. 
Write  for  catalog. 

Jack  PQmIs  . . .  companion  to  patch 
cords.  Molded  plastic  for  better  in¬ 
sulation.  Used  where  quality  and 
durability  are  needed.  Mount  on  19* 
relay  rack.  Furnished  with  jacks 
assembled  or  panels  only.  Write 
for  ADC  catalog  for  complete  speci¬ 
fications. 


‘P<rteC^  INQUIRIES  SOLKITED 

...please  direct  foreign  inquiries 
to  the  ADC  foreign  export  office 
same  address. 


CABLE  ADDRESS:  AUDEVCO  MINNEAPOLIS 


ifi46CcUa  DEVELOPMENT  CO.| 

‘  "Audio  Dovmlopt  tho  Finmst" 

2833  13th  AVE.  SOUTH  •  MINNEAPOLIS  7,  MINN. 


inches  up  to  6  x  8  feet  onto  a 
screen.  Featured  are  a  tilt  adjust¬ 
ment  for  different  height  screens, 
a  highly  regulated  power  supply 
and  an  automatic  cutout  relay. 


Rotary  Tap  Switch 

Eastern  Specialty  Co.,  Philadel¬ 
phia  40,  Pa.,  has  developed  the 
new  rotary  tap  switch  for  intri¬ 
cate  circuits.  Each  section  with  7 
active  positions  and  one  off  position 
is  rated  at  50  amperes  continuous 
duty,  with  an  overload  capacity  of 
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mR£AS£D 

INSULATION 

B£TT£R 

CONN£CTIONS 


Herineti<a//y 


for  Proof  Beyoitd  Compare 


Try 

RUBYFLUID 

Soldering  Flux 
Send  for  Ruby's  $1  Offer 


Hermetically  sealed  ADVANCE  relays  maintain 
their  original  efficiency  under  conditions  that  soon 
ruin  or  dangerously  impair  other  types  of  relays. 
Dust,  moisture,  oil,  or  fungus  cannot  reach  precisely 
adjusted  parts. 

There  can  he  no  failure  due  to  arcing*  or  condensa¬ 
tion  in  the  low  atmospheric  pressure  of  high  alti¬ 
tudes.  Imporunt,  too,  is  the  faa  that  these  relays  are 
'Tamper-Proof”! 

ANY  Advance  relay  can  be  furnished  in  hermetically 
sealed  conuiners  on  special  order. 

■ulH  to  Army  ond  Navy  spocMcoHons  upon  roqwost. 
Wrlt9  today  for  further  details  and  cetoleg  ^ 

complete  line. 


For  $1  Ruby  will  send  you  1  pint  of 
liquid,  one  half  pound  of  poato 
soldering  flux  and  a  new  booklet 
on  "How  to  Solder.** 

Take  advantage  of  this  offer  now! 


15  W. 
has  de- 
uon  re- 
:  a  pic- 
several 


Send  your  $1  today  to— 

RUBY  CHEMICAL  CO 


59  McDowell  st. 
COLUMBUS,  OHIO 


ADVANCE  ELECTRIC  &  RELAY  CO, 

1360  West  2nd  Street,  Los  Angeles  36,  Calif. 


Use  this  convenient  coupon 
for  obtaining  the  RCA  tube 
reference  data  you  need. 


onto  a 
:  adjust- 
screens, 
-  supply 
day. 


RCA,  Commercial  Engineering, 

Section  HW-40,  Harrison,  N.  J. 

Send  me  the  RCA  publications  checked  below.  I 

am  enclosing  $ . to  cover  cost  of  the  books 

for  which  there  is  a  charge. 

Name _ _ 


Address 


Philadel- 
ped  the 
)r  intri- 
1  with  7 
position 
ntinuous 
lacity  of 


Q  Quick-Rsfsrsncs  Chart,  Minioturs  Tubos  (Fro*).  [A]  ■ 

□  HB-3  Tub*  Handbook  ($10.00)*.  (■]  1 

[~~|  RC-15  R*c*iving  Tub*  Manual  (35  costs).  [C]  1 

l~l  R*c*iving  Tub*s  for  AM,  FM,  and  ToUvision  Brood-  1 

cast  (10  costs).  [0]  ' 

[~l  Rodiolron  Dotignors  Handbook  ($1.25).  [E] 

Q  Quick  Soloction  Guido,  Non-Rocoiving  Typos  (Fro*),  [f] 

Q  Powor  and  Gas  Tubos  for  Radio  and  Industry  (lOconti).  [6] 
n  Fhotatub*s,Cathodo-Ray  and  Spocial  Typos  ()0c*«ts).[H] 
r~l  RCA  Froforrod  Typos  List  (Fro*),  [l]  \ 

(~~)  Hoadlinors  for  Hams  (Fro*),  (j]  \ 

*Prko  qppllos  to  U.S.  and  possosstons  only.  ) 

^rsraa  og^mrmtmT 

RADIO  CORPORATION  of  AMMRICA 

mmmmitom,  m.  " 


Showm  Scrow  Tor- 
minals  —  Scrwv  ond 
Soldor  TM-minoU  — 
Scrow  T  srminol  obovo. 
Panel  wMi  Soldor  Tor- 
minal  bolow.For  ovory 


Six  torios  moot  ovory  roouiromonti  No.  140, 
5-40  Krowt;  No.  141,  6-32  icrowti  No.  142, 
8-32  screwsi  No.  ISO,  10-32  icrows)  No.  151, 
12-32  tcrows;  No.  152,  icrows. 

Catalog  No.1 6  lists  comploto  lino.Sond  for  your  copy . 
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90952 


&  MACHINE  COMPANY 


1000  MERWIN  ROAD 
MILFORD,  CONN 


1000  WEST  RIVER  ST 
ELYRIA,  OHIO 


NEW  PRODUCTS  (contiaMii) 

75  amperes.  It  is  designed  so  that 
twelve  switch  sections  may  be 
operated  in  parallel  to  handle  a 
maximum  current  of  600  amperes. 


production 

1 

i  I.OWE* 

S  COST 


Relay  Protection 

C.  P.  Clare  &  Co.,  4719  W.  Sunny- 
side  Ave.,  Chicago  30,  Ill.,  has 
developed  a  dust-tight  plug-in  re¬ 


lay  base  and  cover  for  use  in  plants 
where  dust  conditions  may  affect 
operation  of  unprotected  relays. 
Write  for  complete  specifications. 


^  one  oT 
basic 
KMlford 
rivet  setting 

itiochines  — 

oHering 

oniirn'*'®^ 

versatility' 


Tester 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  new  Master  Voltohmyst 
measures  capacitance  from  5  |&(Lf  to 
1,000  (if;  current  from  1  |ia  to  10 
amp;  r-f  voltage  at  frequencies  up 


The  No.  90952 


exactly  the 
right  setni- 
tobular  or  i 
rivet  or  co 

[headed 
fastener  Ir 
Milford's 
compl®^* 


MINIATURE  SYNCHROSCOPE 


Th*  compact  dotign  of  th*  No. 
909S2,  moocuring  only  7Vi"  x  SVt" 
X  13",  and  weighing  only  17  lb*., 
mokot  ovolloblo  for  Iho  first  timo  o 
truly  DESIGNED  FOR  APPLICATION 
"field  service"  Synchroscope. 


to  250  megacycles;  as  well  as  per¬ 
forming  other  customary  measure¬ 
ments  expected  of  the  standard  test 
equipment. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


Literature, 


Scientific  Instruments.  American 
Instrument  Co.,  Silver  Springs, 
Maryland,  has  just  issued  a  274- 
page  catalog  describing  instru¬ 
ments  for  use  in  chemical,  biolog- 


ELECTRONICS 
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i 


KESTER 

SOLDER 


(continued) 


MEW  PRODUCTS 

ical,.  physical,  metallurgical,  and 
Available  to 


other  laboratories, 
laboratory  workers  requesting  it 
on  business  stationery. 


Div.,  Jenckes 


Blowers.  Rotron 
Knitting  Machine  Co.,  180  Weeden 
St.,  Pawtucket,  R.  I.  Catalog  sheets 
describing  a  new  line  of  blowers 
designed  for  tube  cooling  and  sim¬ 
ilar  uses  in  radio  and  electronic 
equipment. 

Shock  Mounts.  Barry  Corp.,  179 
Sidney  St.,  Cambridge  39,  Mass. 
A  14-page  catalog  describes  the 
heavy  equipment  mountings  and 
engineering  services  available 
from  the  company. 


Television  Antennas.  The  Work¬ 
shop  Associates,  Inc.,  66  Needham 
St.,  Newton  Highlands  61,  Mass., 
has  just  released  two  brochures  on 
ways  of  obtaining  optimum  tele¬ 
vision  signals  in  all  bands.  A  new 
biconical  antenna  for  f-m  and  tele¬ 
vision  is  constructed  of  corrugated 
board  covered  with  aluminum  foil 
(for  attic  installation)  and  lists  at 
$19.95. 


Mobile  Microphones.  Electro- 
Voice,  Inc.,  Buchanan,  Michigan. 
Bulletin  140  gives  helpful  informa¬ 
tion,  data  and  prices  on  the  com¬ 
plete  line  of  carbon,  dynamic  and 
differential  carbon  Mobil-Mikes 
for  aircraft,  police,  fire,  taxi,  ma¬ 
rine,  utility,  forestry  and  similar 
services. 


Plastic  Rosin-Cora  Soldar  »m  speed  up 
wldering  p„a»c.  "Resin  P 

this  astonishing  product. 

Technical  ^tvice  Department. 


Resistors  and  Rheostats.  Ward 
Leonard  Electric  Co.,  Mount  Ver¬ 
non,  N.  Y.  Catalog  D-130  is  a 
24-page  reference  guide  fully  de¬ 
scribing  and  illustrating  a  compre¬ 
hensive  line  of  resistors,  rheo- 
.stats  and  radio  amateur  relays. 
List  prices  are  included. 


Equipment  Pamphlet.  Clark  Elec¬ 
tronic  Laboratories,  Palm  Springs, 
Calif.  Bulletin  117  is  a  12-page 
pamphlet  treating  of  selenium 
rectifier  tubes  and  tanks,  acyclic 
generators  and  multispeed  selen¬ 
ium  motor  controls. 


Standard  For 


KESTER 

SOLDER  COMPANY 

4204  Wrightwood  Ave.,  Chicogo  39,  Ml. 

Foctorie*  Also  At 


Antenna  Equipment.  J.  F.  D.  Man¬ 
ufacturing  Co.,  Inc.,  4109-4123  Ft. 
Hamilton  Parkway,  Brooklyn  19, 
N.  Y.  A  16-page  catalog  presents 
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THE  BARRY  CORPORATION 


NEW  PRODUCTS  (contiMu 

the  Super-Beam  line  of  televisi< 
and  f-m  antennas  which  inClud 
over  27  arrays.  Also  describ 
and  illustrated  is  a  wide  asso: 
ment  of  accessories,  brackets  a 
wire. 


For  all  types  of 
lightweight  in- 
strnments 


Type  770 

Vibration 


Isolator 


Resins  and  Plastics.  BakeL 
Corp.,  300  Madison  Ave.,  N» 
York  17,  N.  Y.  A  handsomely 
lustrated  booklet  describes  t 
many  forms  in  which  Vinyli 
resins  and  plastics  are  produc 
and  fabricated.  The  last  fo 
pages  are  devoted  to  tables  f 
technical  assistance. 


Revolutionary  new  design  which  utilizes  air  damping 
to  limit  excursion  at  resonance 


Control  of 

VIBRATION  and  IMPACT 


. . .  with  special  emphasis 
on  the  field  of  electronics 


Flow-Rate  Meters.  Brooks  Rotam¬ 
eter  Co.,  P.O.  Box  B-53648,  Lands- 
dale.  Pa.  A  new  catalog  describes 
the  full  line  of  rotameters  for  flow- 
rate  measurement  and  control. 
Capacity  chart,  data  sheet  and  di¬ 
mension  prints  of  each  type  meter 
are  given. 


We  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  Isolators  -for  commercial, 
industrial,  and  military  applications  . . .  also  an  En- 
neering  consulting  service  on  special  problems. 


A  letter  from  you  will  give 
u»  the  opportunity  to  demon¬ 
strate  how  we  can  help  you. 


Timing  Motor.  The  R.  W.  Cramer 
Co.  Inc.,  Centerbrook,  Conn.  Bul¬ 
letin  lOA  is  a  4-page  folder  deal¬ 
ing  with  the  type  SX  self-starting 
synchronous  timing  motor.  This 
unit  is  intended  for  industrial  ap¬ 
plications  in  the  instrument  and 
control  field  to  fill  the  gap  between 
the  low-torque  clock  motor  and 
the  fractional  h-p  group.  A  table 
on  the  back  page  gives  a  large 
choice  of  standard  output  speeds. 


Catalogue  on  request 


Worid-wtde  recognition  for 
this  outstanding  iine  of 
electric  solderii%. irons- 


Flexible  Tubing.  Titeflex,  Inc., 
410  Frelinghuysen  Ave.,  Newark 
5,  N.  J.,  recently  published  a  24- 
page  catalog  illustrating  and  de¬ 
scribing  a  line  of  all-metal  flexible 
tubing.  Included  are  specifications 
for  standard  fittings  and  illustra¬ 
tions  of  typical  assemblies  with 
these  fittings. 


r  nic  01  soEw  nrs 

40  ts  700  Want 
W  ta  m'  n|>  OJa. 

Foiow  Ml*  iaodart  and 
youH  f  pMHy  HEXACOW 
TltayTi  afftcianHy  tolv* 
your  (oldoring  profaioiM 
tooi  Write  for  titorofur*. 


specified  by  the  big  names 
for  the  TOUGH  jobs! 


High-Range  Ohmmeter.  Radio  City 
Products  Co.,  152  W.  25  St.,  New 
York  1,  N.  Y.  Bulletin  No.  133  is 
devoted  to  the  model  450  series 
high-range  ohmmeters.  Included 
are  six  different  units  in  open  face 
models  and  in  portable  types 
which  make  resistance  measure¬ 
ments  of  50  to  1,000  megohms. 


ic  MINNEAPOUS  NONEYWEU 

★  RADIO  CORP.  OF  AMERICA 
if  STROMBERG-CARLSON  A 

★  WESTERN  EUCTRIC  J 

★  WESTINGHOUSE  W 

★  EMERSON  W 

★  KAISER 

★  BENDIX 

★  SPERRYy 


Th'eao  iroot  feature  bet¬ 
ter  balance  for  reduced 
operator  fatigue.  E£B- 
cieney  ia  atepi:^  up,  and 
quality  of  work  U  im¬ 
proved.  The  ideal 
iron  for  inacceatible  / 
and  intricate  jobs,  jjc 


Transformer  Catalog.  Standard 
Transformer  Corp.,  Dept.  S,  Els¬ 
ton,  Kedzie,  and  Addison  Sts.,  Chi¬ 
cago  18,  Ill.  The  24-page  catalog 
140-H  lists  over  400  stock  items 
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PROMPT  DELIVERY! 


Screws.  nute.~wash«rk.  pins  — 
Allin*tal  carri«s  th«  largest  stock 
ia  the  coirntry  of  stainlsss  stool  faston- 
ors  and  screw  machine  parts.  Our 
complete  facilities  for  hooding,  tap¬ 
ping.  drilling,  reaming,  slotting,  turn¬ 
ing.  stamping,  brooching  and  center¬ 
less  grinding  make  possible  prompt 
deliTorf  of  speciols.  too.  Write  for  our 
free  83-page  catalog  today. 


PRECISION  POTENTIOMETERS 


Toroidal  and  Sinusoidal 


For  use  in  computing  and  analyz¬ 
ing  devices;  generation  of  low  fre¬ 
quency  saw  tooth  and  sine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo-' 
mechanisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  control  where 
360°  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within 
±•6%.  Overall  dimensions  are 
4%"  diameter  x  4  11/32  long  plus 
shaft  extension  diameter  x 


W*  also  earry: 


Cm»  S*rw 
Wailiart 


Nuts  Topar  Flat 

Socket  Screws  Cotter  Pies 
Wood  Screws  Pipe  PIttleqs 


Sond  for  FREE  CATALOG 


Allmetal  Screw  Products  Co.,  Inc. 
33  Greene.  Street,  New, York  13,  N.  Y. 


Write  for  Bulletin  F-SS 


THE  GAMEWELL  COMPANY 

Newton  Upper  Falls  64,  Massachusetts 


MIGHTY  MITES  OF 
RECORDING! 

tutting 


K  O  T  R  O 

^STRIP-TYPE 

SELENIUM  RECTIFIERS 


!  f 


For  cutting  direct  on  all  coated  aluminum, 
paper,  or  glass  base  discs.  Machine-lapped 
to  insure  a  mirrorlike  finish  ...  a  clean,  quiet- 
cut  groove. 


PATS.  PEND 


Made  to  fit  the  groove  cut  by  the  Brilliantone 
Recording  Needle.  Used  by  top  radio  stations 
and  transcription  companies. 


Products^lpf 


Famous  for  Fine  Needles  Since  1897 

For  New  Catalog  and  Current  Price  Hits, 
write  to:  AdvertUIng  Division 

H.  W.  ACTON  CO.,  INC. 

Sole  Distributor 

370  Seventh  Ave.,  New  York  1,  N.  Y. 


100  MA.  UNIT 

•  Max.  A.  C.  line  Input  130  voitt 
rmt 

•  Max.  Inst,  peak  currant  1000 
Ma. 

•  Max.  InverM  peak  voltage  360 
a  Average  operating  temp.  105*F 

•  Dimentionc:  4-1 /16'' X  1>1/16” 
X  5/32" 

•  Other  Sizes:  75  Ma.  and  300 
Ma. 


Kotron's  metallic  rectifying  elements  ora 
mounted  in  one  plane.  Plates  cannot  con- 
Iributo  hoot  to  each  other.  Result — Cooler 
Operation  .  longer  life  .  .  .  increased 
circuit  offlcioncy.  Wafer-thin  Kotron  saves 
space,  mounts  easier. 

Write  tor  Contphio  Tochnlcof  Data,  Print 
and  Ooffvery 


^  /?  ^ 

KNOWN  THE  WORIO  OVER  ‘ 


54  CLARK  STRfET  •  NEWARK  4,  NEW  JERSEY 


HUmboldt  2-2400, 
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UNIVERSITY  OF  MICHIGAN  LIBRARIES 
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NEW  PRODUCTS  (contimitd) 

including  audio  and  power  trans¬ 
formers  and  reactors,  power  packs, 
volt  adjusters,  radio  transmitter 
kits  and  television  components. 

Timer  and  Control  Data.  Elec¬ 
tronic  Controls,  Inc.,  44  Summer 
Ave.,  Newark  4,  N.  J.  Several 
models  of  timers  and  switches  are  - 
covered  in  a  four-page  loose-leaf 
perforated  folder.  Description,  ap-  ■ 
plication  and  technical  data  for  ' 
each  are  given.  . 


TRmFORMRS 


TELEVSON 


APPLICATION 

ENGINEERED 


PRECISION 

Circuit  Tester 

20,000  Ohms  per  Volt 


Aircraft  Instruments.  Fredric 
Flader,  Inc.,  North  Tonawanda, 
New  York.  Two  recent  bulletins 
treat  of  Teleflight  accelerometers 
and  pressure  transmitters  which 
are  specially  designed  for  use  in 
aircraft  and  missile  applications. 
Mechanical  drawings,  principles 
of  operation  and  prices  are  in¬ 
cluded. 


August,  7948— ELECTRONICS 


PLUS  superior  physical  features: 
it  AVg"  wide  angle  meter, 
dr  Heavy  duty  molded  bakelite 

instrument  case  size  S’/z  x  71/g  x  3". 
it  Heavy  gouge,  anodized  aluminum  panel. 
it  Rotary  Range  and  Function  Selection. 
it  Recessed  6000  volt  safety  jacks. 
it  Only  two  pin  jacks 

for  all  standard  ranges. 


THE  NEW  SERIES  "85" 

Compact,  laboratory  sraled,  high  seHsitivity 
test  set  "Application  Engineer^’’  for  pro¬ 
duction,  test,  laboratory,  school  and  service- 
maintenance  phases  of  modern  radio-elec- 
tronics-coaimunicatiom, 

20,000  Ohms  per  Volt  D.C. 

— 1000  Ohms  per  Volt  A.C. 
VOLTAGE  RANGES:  0'3-12-60-300-1200- 
6000  A.C.  &  D.C. 

CURRENT  RANGES:  0-120  microamps 
0-1.2-12-120  MA. 
0-1.2-12  Amps.  D.C. 

RESISTANCE  RAN«lli««l00— 600K— 6  Men 

_  —60  Megohms. 

DECIBEL  RANGES:  From  — 26  to  -f-70DB. 
Catnpltte  with  balteries  and 

test  leads  5 


to  see  this  and  other  “Precision" 
Application  Engineered  instruments, 
on  display  at  leading  radio  parts  dis¬ 
tributors.  Write  lor  new,  complete 
catalog,  including  details  of  the 
Precision  Electronamic  tube  testing 
circuit. 


PRECISION 

APPARATUS  CO.,  Inc. 
92-27  Horace  Harding  Bivd. 
Elmhurst  1 0,  N.  Y. 


Export  Division,  458  Broodway,  Now  York  City, 
U.  S.  A.  Cables,  MORHANEX 


Components  Catalog.  Stackpole 
Carbon  Co.,  St.  Marys,  Pa.  Catalog 
RC7  covers  a  line  of  electronic 
components  including  fixed  and 
I  variable  resistors,  iron  cores,  line 
j  and  slide  switches,  choke  forms 
S  and  capacitor  units.  The  publica- 
;  tion  is  replete  with  illustrations, 
mechanical  diagrams  and  charts. 

Sapphire  Gages.  Sapphire  Pro¬ 
ducts  Division,  Elgin  National 
Watch  Co.,  Aurora,  Ill.  A  four- 
page  color  circular  gives  descrip¬ 
tion  and  prices  on  sapphire  plug 
gages,  ring  gages  and  microm¬ 
eters.  The  Tipt-type  gage,  featur¬ 
ing  hardened  steel  leader,  i^  fully 
j  covered. 

I 

I  Carrier  System.  Lenkurt  Electric 
Co.,  1116  County  Road,  San  Carlos, 
,  Calif.  Folder  CX39A  is  an  eight- 
j  page  illustrated  publication  giv- 
I  ing  a  complete  treatment  of  the 
j  Type  32  three-channel  carrier  sys- 
I  tern.  Particular  emphasis  is  laid 
I  on  filter  engineering  which  gives 
I  the  system  in  effect,  a  fourth 
channel. 

Isotope  Chart.  General  Electric 
Co.,  Schenectady  5,  N.  Y.  ^  A  new 
chart  giving  the  latest  data  con¬ 
cerning  isotopes  of  the  chemical 
elements  is  being  distributed. 
Printed  on  heavy  paper,  26  x  50 


Acme  Electric  engineers  will  co¬ 
operate  with  your  engineering 
department  by  providing  spe¬ 
cially  designed  transformers  for 
power  supply  and  other  appli¬ 
cations  in  on  effort  to  improve  the 
reception  and  reproduction  qual¬ 
ities  of  your  sets. 

Acme  Electric  con  produce 
transformers  of  special  character¬ 
istics  from  standard  ports  which 
means  that  our  enormous  manu¬ 
facturing  facilities  and  quality 
controlled  production  results  in 
buying  economies  for  you. 

Send  us  specifications  and  ap¬ 
plication  outline. 

ACME  ELECTRIC  CORP. 

318  Water  St.  Cuba,  N.  Y. 


Liclrt 


for  BETTER 

VIDEO 


REPRODUCTION 


(eofltiniMd) 


new  products 


inches,  it  is  divided  into  three 
overlapping  sections  for  con¬ 
venience.  In  the  form  of  a 
long  diagonal  checkerboard,  each 
square  contains  the  i‘h»mical  sym¬ 
bol,  atomic  weight  ain.  ^/ther  data 
on  the  isotope,  along  with  empty 
spaces  to  keep  the  chart  up  to 
date.  Copies  may  be  had  on 
request. 


Wire  &  Cable  Handbook.  Rock- 
bestos  Products  Corp.,  New  Haven 
4,  Conn.  The  new  No.  10-F  cata¬ 
log  and  handbook  gives  a  cross- 
section  of  the  complete  line  of 
more  than  125  different  heat  and 
flame  resistant  wires. 


^  I  speaker  and  horn  design.  A  pioneer  in  "scientifically 
designed"  audio  units  over  twenty  years  ago,  Racon  is  still  making 
history  in  this  field. 

Do  not  be  misled  by  the  fact  that  speakers  and  horns  of  various 
makes  look  alike.  Under  the  surface  of  any  Racon  unit  there  are 
"differences" — small  physically  but  big  from  the  standpoint  of 
Performance! 

Whatever  the  application,  you  can  be  sure  that  these  subtle 
differences — built  into  Racon  units  by  experienced  audio  engineers 
— will  give  you  all-around  performance  and  service  of  outstanding 
superiority. 

PERMANENT  MAGNET  HIGH  FREQUENCY  SPEAKER 

An  efficient  precision  built  Speaker,  to  meet 
the  latest  requirements  for  wide  range  reproduc- 
tion.  Designed'to  cover  the  frequency  band  up  to 
12,000  cycles.  Supplied  with  horn  having  a  low 
cut-off  at  750  cycles.  When  used  in 
with  a  suitable  low  frequency  speaker  and  cross- 
over  network  will  give  audio  reproduction  at  a 
new  high  quality  level.  Voice  coil  impedonce 
15  ohms. 

TWO-CELL  HIGH  FREQUENCY  HORN 

Latest  type  of  cellular  horn  with  two  cells, 
specially  designed  for  flush  mounting  in  any 
cabinet,  giving  distribution  angle  of  120°  hori- 
zontol  and  60°  vertical.  Has  a  H-18  thread 
throat  connection  for  a  Racon  standard  high 
frequency  unit. 


Maintenance  Catalog.  General 
Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  Ill.  Catalog  150  is  a 
64-page  well-illustrated  descrip¬ 
tion  and  price  list  of  a  wide  vari¬ 
ety  of  chemicals,  parts,  materials, 
tools  and  equipment  necessary  for 
the  maintenance  of  radio  and  elec¬ 
tronic  equipment. 


Klystrons.  Sperry  Gyroscope  Co., 
Great  Neck,  New  York.  A  small, 
simply-written,  folder  discusses 
klystrons  and  their  operation  and 
lists  many  possible  applications. 
The  further  use  of  klystrons  in 
industry  is  advocated. 
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Battery  Replacement  Guide.  Bur¬ 
gess  Battery  Co.,  Dept.  RG,  Free¬ 
port,  Ill.  The  1948  guide  contains 
the  latest  replacement  battery  in¬ 
formation,  listing  over  1600  sets 
made  by  100  radio  manufacturers 
and  the  correct  batteries  for  each 
set. 


TWO  NEW  TYPES  OF  FILTER  — 

CROSS-OVER  NETWORKS 

Completely  Enclosed,  Easily  Mounted 

1.  A  simple  capacitive  filter  network  with  cross-over  at  1500 
cycles. 

2.  Resistive  capacitive  filter  network  with  o  cross-over  at 
1500  cycles  and  permitting  balancing  of  high  response  to  low. 

NEW  SMALL  RE-ENTRANT  HORNS 

Extremely  efficient  for  factory  inter-com  and  paging 
systems;  for  sound  trucks,  R.  R.  yards  and  all  other  in- 
j  dustrial  installations  where  high  noise  levels  ore  prevolent. 
Watertight,  corrosion-proof,  easily  installed.  Two  new 
models — type  RE-1  li,  complete  with  Baby  Unit,  handles 
25  watts,  covers  300-6000  cps,  type  RE-12,  complete  with 
Dwarf  Unit,  handles  10  watts,  has  fre.  response  of  400-800 
cps. 

Write  for  catalog  describing  complete  line  of 
Racon  Horns,  Speakers,  Units,  Accessories,  etc. 

RACON  ELECTRIC  CO.,  INC. 

52  E.  19th  Street,  New  York  3,  N.  Y. 
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Timing  Devices.  The  A.  W.  Hay- 
don  Co.,  Waterbury  32,  Conn.  A 
new  catalog  covers  a  variety  of 
timing  motors,  relays,  switches, 
and  indicators'  for  both  a-c  and 
d-c  use.  Illustrations  and  speci¬ 
fications  are  included. 


Miniature  Bearings.  New  Hamp¬ 
shire  Ball  Bearings,  Inc.,  Peter¬ 
borough,  New  Hampshire.  Tech¬ 
nical  bulletin  No.  48  contains 
much  information  on  extra-small 
’  earings  of  several  designs.  Toler¬ 
ances,  mounting  and  selection  of 
bearings  are  treated. 
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NEWS  OF  THE  INDUSTRY 
(continued  from  page  138) 

inches  in  diameter,  topped  by  an 
RCA  six-Jbay  batwing  antenna. 

The  entire  project,  including 
acoustically  isolated  studios,  was 
built  by  the  Turner  Construction 
Company  for  the  Daily  News. 


From  AUDIO  to 
TELEVISION 


Molded -iron  cores  and  core  assemblies 
in  a  wide  range  of  sizes  and  styles  for 
frequencies  from  100  cps  to  200  me. 
Lenkurt  Trancors  excel  because  they  are 
made  to  the  exacting  requirements  of 
Lenkurt  carrier  telephone  gear.  Lenkurt 
knows  how  to  reduce  losses,  minimize 
distortion,  tailor  permeability  and  Q  to 
your  needs.  Write  for  catalog. 


Convention  Coverage 
Via  TV 

Eighteen  television  stations  from 
Boston,  Mass,  to  Richmond,  Va. — 
the  largest  video  hookup  to  date — 
covered  the  recent  Republican  and 
Democratic  national  conventions. 
In  addition  to  direct  telecast  from 
the  scene,  television  broadcasters 
filmed  the  proceedings  and  fiew 
them  to  stations  in  the  midwest 
and  west  coast  where  no  cable  or 
microwave  relay  facilities  are  as 
yet  available  for  direct  transmis¬ 
sions. 

To  accomplish  the  feat  a  general 
television  committee  for  pooled 
coverage  was  created  several 
months  ago,  composed  of  person¬ 
nel  from  ABC,  CBS,  DuMont  and 
NBC,  to  organize  the  telecasting 
for  all  stations  situated  along  the 


LENKURT 

ELECTRIC  CO. 

SAN  CARLOS,  CALIFORNIA 


LEIVKIJRT  KNOWS  HOW 


MEASUREMENTS  CORPORATION  mu  so 

STANDARD  SIGNAL  GENERATOR 


.OUTOOO 
I  PICKUP 


COAKtAL  CABlCSc: 


:NecTAcrr 


BOSTON 


Sketch  shows  camera  setup  and  route  fol¬ 
lowed  by  television  pooled  pickup  of 
national  political  conventions 


coaxial  cable  and  microwave  relay 
route  of  the  American  Telephone 
and  Telegraph  Co.  on  the  eastern 
seaboard. 

Five  television  cameras  were  set 
up,  each  equipped  with  a  turret  of 
four  lenses,  making  possible  20  dif¬ 
ferent  views.  The  televised  images 
were  fed  by  cable  from  the  cameras 
to  a  master  control  room  to  the  left 
of  the  Convention  Hall  stage,  where 
a  producer-director  selected  for 
transmission  the  picture  best  de¬ 
picting  the  proceedings.  The  se¬ 
lected  picture  was  then  routed  via 


2  to  400  MEGACYCLES 


MNWFRCTURERS  of  I 

\ 

faMBMtrAon 

WSlMl  «»»•***  ' 

UWFj»«— 

1  MM*  *******'* 


MODULATION:  Amplitude  modulation  is  contin¬ 
uously  variable  from  0  to  30%,  indicated  by  a 
meter  on  the  panel.  An  internal  400  or  1000 
cyde  audio  oscillator  is  provided.  Modulation 
may  also  be  applied  from  on  external  source. 
Pulse  modulation  may  be  applied  to  the  oscillator 
from  on  external  source  through  o  special  con¬ 
nector.  Pulses  of  1  microsecond  can  be  obtained 
at  higher  carrier  frequencies. 


FREQUENCY 

ACCURACY 


OUTFUT  VOLTAGE 
0.1  to  100,000 
microvolts 


OUTFUT 
IMFEDANCE 
SO  ohms 
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MANUFACTURERS  OF 
MINIATURE  TUBE  RADIOS 
AND  EQUIPMENT 


S*oi 

2] 
,  2; 

^  Star  Miniolura  Tuba 
Pin  Straightanon  (with 
ttainlatt  staal  mart) 
la  obtain  a  porfoct 
fit  whan  lha  tuba  it 
plocad  in  tha  aquip- 
mant.  |JE-1S  (9  pin); 
*IE-13  17  pin). 


^  Star  Minialura  Sochat  Wiring 
Plugs  for  oceurata  olignniant 
of  miniatvra  socfcat  contacts 
during  wiriisg.  Prochion  cost 
of  line  bata  oRoy — pint  of 
L  ttoMau  stool.  fJE-9  (9  pin); 

'  flE-10  (7  pin). 


1 


The  Combination  of 

GRAY  TRANSCRIPTION  ARM,  #601  A-Position  EQUALIZER 
and  SELECTED  GE  CARTRIDGE  .  .  . 


.  .  IS  receiving 


WIDE  ACCLAIM 


Deraloped  i«  collaboration  with  the 
COLUMBIA  BROADCASTING  SYSTEM  tor  finer  lateral 
reproduction,  it  it  now  standard  equipment  in  two 
major  networks. 


TRANSCRIPTION  ARM 
This,  the  only  modem  arm  for  lateral 
reproduction,  greatly  extends  the  life  of 
stylus  and  recordings.  Adjustable  stylus 
pressure,  accommodates  all  modern  cart¬ 
ridges.  Ideal  for  Micro-Groove  repro¬ 
duction.  Many  other  new  features.  Arm, 
less  cartridge,  $35.00. 


GRAY  #601  EQUALIZER 
for  GE  CARTRIDGE 
Optimum  Performance,  Economy  of 
Operation  and  Quality  Workmanship. 
Matches  pickup  to  microphone  chon- 
nel.  Complete,  $42.50. 


Sc««nHficolly  dGsiQfMd  ^  Pr«cisiOfi  mod#  | 
Immodiato  Dotivory  in  Any  QuonHtto«  | 

EXPANSION 
AX%X^.  products  CO., INC. 

147  CEDAR  STREET,  NEW  YORK  6,  N.  Y.  i 


★★★★★★★★★★★★★★★★ 

fleJ 

REAR  PROJEaiON 
PLASTIC 

TELEVISION  SCREENS 

Tha  tcraan  turiaca  conaUta  of  a  conglom- 
arota  arTOBgamaut  of  microacopic  ploutic 
cryttola  that  "Pin  Point"  the  proioetod 
imago  prowiding  unoxcoUod  onguiar  view¬ 
ing  with  a  minimum  loas  of  proioetod  Ught. 

It  is  oatimatod  thot  there  ia  a  loos  of 
opproximotolT  10%  of  Ught  Tiowing  the 
imogo  at  45  degrees  off  center. 

Light  transmission  percentages  ore  eon- 
troUed  to  obtain  the  maximum  efficiener 
of  the  teievision  optical  proiection  srstem. 
The  percentage  oi  80%  of  transmission  has 
been  determined  os  that  providing  maxi¬ 
mum  efficiency.  Stock  sheets  ore  avail¬ 
able  from  3x4  feet  down.  Specify  inside 
dimensions  of  screen  desired.  If  iarger 
sixes  are  required,  they  con  be  made  to 
order. 

The  special  construction  oi  this  screen 
moterial  permits  its  use  in  places  where 
even  direct  light  falls  on  the  screen.  The 
screen  is  designed  to  give  maximum  black 
and  white  quaUty  when  used  with  a  new 
5TP4  Tube. 

Net  price  of  Reor  Proiection  mm 
Screen,  per  sq.  foot . ^ J.UW 

25%  With  Order.  Balance  C.OJ). 


Pioneers  in  Projection  Television 

SPELLMAN  TELEVISION  CO.,  INC. 

130  WEST  24th  STREET  *  NEW  YORK  11,  N  Y. 


Write  for  more  details  (itKiuding  Gray  Selected  GE 
Cartridges  with  Diamond  Styli,  and  Micro-Groove 
reproduction). 

GRAY  RESEARCH  &  DEVELOPMENT  COMPANY,  Inc. 


Factory:  Hartford,  Conn. 


Soles:  S6S  FIFTH  AVENUE,  NEW  YORK  17 


PROCESS 
CUTS 
COIL 
WINDING 
COSTS 
4  WAYS 


At  no  extra  cost,  all  Precision  tubes  are  now 
Di-Formed  under  heat  and  pressure.  This 
meoxu  1)  Greater  strength  at  no  increase  in 
weight.  2)  Automatic  stacking  made  possible. 

3)  Coils  need  not  be  formed  after  winding. 

4)  Cores  can  be  engineered  closer.  The  saving 
in  wire,  labor,  extra  operations:  and  the 
greater  coil  efficiency  can  readily  be  seen. 
Send  for  samples  of  Di-Formed  tubes,  and  new 
Mandrel  List. 

PRECISION  PAPER  TUBE  CO. 

2041  WEST  CHARLESTON  STREET  CHICAGO  47,  ILL. 

Plant  ^2  •  79  Chapel  St.  •  Hartford.  Conn. 
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weighing  *1  oence 

TYPE  664A 
CRYSTAL  UNIT 


Special  RCA  custom-built  microphone  con¬ 
trol  and  mixing  console  shown  being  in¬ 
stalled  in  Philadelphia  Convention  Hall  in 
the  center  of  the  first  balcony  overlooking 
the  arena.  It  controls  a  sound  system  hav¬ 
ing  on  output  of  approximately  1  kw,  one 
of  the  world';  largest  amplifier  installations 


Typical  of  the  outstanding  crystal  devel¬ 
opments  at  General  Electric  is  this 
miniature-size  crystal  unit  for  oscillator 
frequency  control  from  6  to  10  me  (con¬ 
servative  rating).  Its  small  size  and  weight 
make  it  an  ideal  unit  for  aviation  equip¬ 
ment,  transmitter  output  frequency  control, 
receiver  local  oscillator  frequency  and 
many  other  types  of  equipment. 

Here  are  a  few  of  the  more  important 
features  that  mean  improved  equipment 
through  the  use  of  the  G64A: 

*  Because  of  its  low  capacitance, 
this  unit  readily  lends  itself  to 
"overtone”  or  "mechanical  har¬ 
monic”  operation 
•  Low  terminal  capacitance 
(6  mmfd  or  less) 

•  Plated-on  electrodes 
•  Both  sides  "high” 

*  Resilient  crystal  plate  mounting 
to  withstand  severe  mechanical 
,  shock 

~  •  Crysul  plates  secured  to  mount¬ 
ing  springs  with  silver-hlled, 
thermosetting  cement,  to  insure  - 
adequate  mechanical  and  elec¬ 
trical  bond  between  plating  and 
springs 

-%  •  Operating  temperature  range: 

-  55‘’C  to  -t-  90‘’C 
•  Overall  frequency  deviation  over 
this  range,  including  initial  ad¬ 
justment  in  customer’s  circuit, 

±  .005% 

*  True  hermetic  sealing  (shell  sol¬ 
dered  to  base) 

•  CAA  approved 

Fundamental  operation  may  be  extended 
up  to  approximately  15  me,  and,  by  using 
the  "overtone”  modes  and  a  suitable  circuit, 
the  range  may  be  extended  up  to  75  mc 
and  higher. 

Other  crystal  units  are  available  for  most 
applications,  and  for  those  special  cases 
which  present  tough  problems  G.E.  will 
engineer  crysuls  to  suit  your  requirements. 


cable  to  a  network  distribution 
booth  to  the  right  of  the  stage. 
This  booth  provided  feeds  to  the 
individual  control  rooms  of  each  of 
the  networks  on  the  scene,  and  also 
to  the  control  room  of  the  AT&T 
from  which  point  they  were  sent 
via  coaxial  cable  to  the  Bell  Sys¬ 
tem’s  terminal  on  Race  St.,  Phila¬ 
delphia.  From  there  they  were 
transmitted  by  coaxial  cable  to  the 
.stations. 

In  New  York  City  the  images 
were  fed  via  AT&T  microwave  to 
Boston,  Mass.,  via  G-E’s  microwave 
relay  to  Schenectady,  N.  Y.,  and 
over  DuMont  network’s  relay  to 
New  Haven,  Conn. 


WMTACr 


Low-Powered 
Educational  F-m 

The  FCC  has  proposed  to  amend 
its  rules  and  regulations  so  that 
low-powered  (10  watts  or  less) 
educational  f-m  broadcasting  would 
be  authorized  in  the  88  to  92  me 
band  now  allocated  to  the  noncom¬ 
mercial  educational  broadcast  serv¬ 
ice.  Indications  are  that  such  a 
station  could  get  on  the  air  for  an 
expenditure  of  a  few  hundred  dol¬ 
lars  and  could  cover  distances  of 
from  two  to  five  miles. 

Licensing  of  low-power  f-m 
transmitters  for  school  systems  is 
advocated  by  the  U.  S.  Office  of 
Education.  Syracuse  and  DePauw 
Universities  are  applicants  for 
2i-watt  noncommercial  educational 
I  f-m  stations,  and  other  institutions 


in  BRUSHES 

for  high  current  density^  mini¬ 
mum  wear low  contact  dirog  . 
low  electrical  noice  ^«elf-lubri- 
cotion 

in  CONTACTS 

for  low  resistanceQnon-welding 
character 

GRAFHALLOY  works  whoro  others  won't! 
Specify  GRAPHAUOY  with  confidence. 

*A  special  silver-impregnated  graphite 


For  complete  information  on  crys¬ 
tals  write;  General  Electric  Com¬ 
pany,  Electronics  Park,  Syracuse, 
Sew  York. 
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TIMING  MOTORS 


TIME  MACHINES 


sfitmii 


HANSEN  MANUFACTURING  CO.,.  INC 


Princeton  10,  INDIANA 


HEWS  OF  THE  INDUSTRY  (conHiiMMi) 

have  expressed  interest.  Syracuse 
U.  has  conducted  an  experimental 
station  of  this  nature  for  the  past 
year,  using  G-E  equipment. 


High  Sensitivity  . . .  Logarithmic 

AC  VOLTMETER 

50  MICROVOLTS  TO  500  VOLTS 

SELF-CONTAINED  VOLTMETER 

ALL  AC 


Scientists  Decorated 

In  recognition  of  outstanding  serv¬ 
ices  to  the  armed  forces,  the  award 
of  the  Medal  for  Merit  was  be¬ 
stowed  on  65  scientists  and  engi¬ 
neers  of  the  wartime  office  of  Scien¬ 
tific  Research  and  Development. 
The  following  were  the  recipients: 

Leason  H.  Adams  of  the  Geophysical  i 
Laboratory,  Carnegie  Institute  of  Wash- 
iHKton :  Ro^er  Adams  of  the  Department  1 
of  Chemistry,  University  of  Illinois ; 
Homer  B.  Adkins  of  the  Department  of 
Chemistry,  University  of  Wisconsin ;  j 
Henry  B.  Allen  of  Franklin  Institute,  | 
Philadelphia ;  Luis  W.  Alvarez  of  the  ; 
Department  of  Physics.  University  of  j 
Calif. :  Bennetth  Archambault  of  >f.  W. 
Kellog:?  Co.,  New  York,  N.  Y. :  James  G. 
Baker  of  Harvard  Collef^e  Observatory:  , 
Kdward  L.  Bowles  of  MIT  :  John  E.  Bur-  I 
chard  of  MIT ;  John  S.  Burlew  of  the 
Geophysical  Laboratory,  Carneffle  Insti¬ 
tute :  Samuel  H.  Caldwell  of  MIT:  Harris 
M.  Chadwell  of  Rockefeller  Foundation. 

Y. :  Robert  D.  CoRhill  of  Abbott  Labo¬ 
ratories.  ChlcaKo ;  Edwin  J.  Cohn  of  Har¬ 
vard  University:  Ralph  A.  Connor  of 
University  of  Pennsylvania :  Alphonse  R. 
Dochez  of  Columbia  University :  Lee  A. 
DuBridge  of  Calif.  Inst,  of  Technology : 
Melville  Ea.stham  of  General  Radio  Co. : 
Alexander  Ellett  of  Zenith  Radio  Corp.  : 
Raymond  H.  Ewell  of  California  Research 
Institute :  Horace  S.  Ford  of  MIT :  Wil¬ 
liam  A.  Fowler  of  Calif.  Institute  of 
Technology :  Ivan  A.  Getting  of  MIT : 
Lars  O.  Grondahl  of  Union  Switch  &  Sig¬ 
nal  Co.,  Pittsburgh :  Paul  M.  Gross  of 
Duke  University :  Albert  B.  Hastings  of 
Harvard;  Clarence  N.  Hickman  of  Bell 
Telephone  Laboratories :  Hoyt  C.  Hottel 
of  MIT :  Frederick  L.  Hovde  of  Purdue 
University :  Walter  S.  Hunter  of  Brown 
University :  Herbert  E.  Ives  of  Bell  Labs : 
Zay  Jeffries  of  General  Electric  Co.,  Pitts¬ 
field,  Mass. :  Charles  S.  Keefer  of  Boston 
University :  Paul  E  Klopsteg  of  North¬ 
western  University:  Edward  F.  Knipling 
of  U.  S.  Dept,  of  Agriculture,  Washington, 
D.  C. :  Irving  I.,angmuir  of  General  EHec- 
trlc  Co.,  Schenectady :  Warren  K.  Lewis 
of  MIT :  Alfred  L.  Loomis  of  Loomis 
Laboratories.  Tuxedo  Park,  New  York : 
Stanley  P.  Lovell  of  Beckwith  Mfg.  Co., 
Boston.  Mass. :  Duncan  P.  MacDougall. 
rx)s  Alamos,  New  Mexico :  Max  Ma.son  of 
Calif.  Institute  of  Technology ;  Robert  R. 
McMath  of  McMath-Hulbest  Observatory, 
Unlversitv  of  Michigan :  Edward  L.  More¬ 
land  of  MIT:  William  A.  Noyes.  Jr.  of 
the  University  of  Rochester:  Brian 
O’Brien  of  the  University  of  Rochester: 
Linus  C.  Pauling  of  Calif.  Institute  of 
Technology :  Isldor  I.  Rahi  of  Columbia 
Unlversitv :  Harold  B.  Richmond  of  Gen¬ 
eral  Radio  Co. :  Louis  N.  Ridenour  of  the 
University  of  Illinois :  Richard  B.  Roberts 
of  the  Carnegie  Institute :  Hartley  Rowe 
of  United  Fruit  Co.,  Boston,  Ma.«!s. :  Bruce 
H.  Sage  of  Calif.  Institute  of  Tech¬ 
nology  ;  James  A.  Shannon  of  E.  R. 
.Squibb  and  Sons,  N.  Y. :  Thomas  K.  Sher¬ 
wood  of  MIT :  Homer  W.  Smith  of  the 
College  of  Medicine,  New  York  Univer¬ 
sity  :  Earl  P.  Stevenson  of  Arthur  D. 
Little,  Inc.,  Newton.  Mass.  ;  Irvin  Stewart 
of  the  Univ.  of  West  Virginia  :  Chauncey 
G.  Suits  of  General  Electric  Co..  Schenec¬ 
tady,  X.  V.  :  Frederick  E.  Terman  of 
Stanford  University :  Roger  S.  Warner, 
•Ir.  of  the  IT.  S.  Atomic  Energy  Commis¬ 
sion,  Washington.  D.  C. ;  Alan  T.  Water¬ 
man  of  the  Office  oT  Naval  Research. 
Washington,  D.  C. :  Warran  Weaver  of 
Rockefeller  Foundation :  Clvde  E.  Wil¬ 
liams  of  the  BattePe  Memorial  Institute, 
Columbus.  Ohio:  Carroll  L.  Wil.son  of  the 
U.  S.  Atomic  Energy  Comn  lesion,  Wash¬ 
ington.  D.  C. ;  Edgar  B.  Wilson,  Jr.  of 
Harvard  University. 

In  addition  to  the  above  named, 
the  Medal  for  Merit  with  oak  leaf 


An  extremely  sensitive  am¬ 
plifier  type  instrument  that 
serves  simultaneously  as  a 
voltmeter  and  high  gain 
amplifier. 

•  Accuracy  ±2%  from  15 
cycles  to  30  kc. 

±5%  from  30  kc.  to 
100  kc. 

•  Input  Impedance  1  meg¬ 
ohm  plus  15  uuf.  shunt 
capacity. 

•  Amplifier  Gain  40000 


Also  MODEL  45 
WIDE  BAND 
VOLTMETER 
.0005  to  500  Volts! 
5  Cycles  1600  kc. 


A  feu-  of  the  many  uses: 

•  Output  indicator  for  microphones  of  all  •  Gain  and  frequency  measurements  for  oil 

types.  types  of  oudio  equipment. 

•  Low  level  phonograph  pickups.  •  Densitometric  measurements  in  photog- 

•  Acceleration  and  other  vibration  meosur-  raphy  and  film  production. 

ing  pickups.  •  Light  flux  meosurements  in  conjunction 

•  Sound  level  measurements.  with  photocells. 

M"rile  for  Complete  Information 

Instrument  Electronics  doi/glaston*,^l  l°n.'^?! 


Motor  Equipped  With 
Patented  Oil  Reservoir 
SYNCHRON  motors  never  need  oiling.  Ail 
moving  parts  are  bathed  in  a  seoled-in,  life¬ 
time  supply  of  oil. 

Double  Bearings  Assure 
Smooth  Operation! 

Rotor  shaft,  reduction  train,  ond  output  shaft 
— all  have  double  bearings  to  reduce  vibra¬ 
tion  and  promote  quiet  operation. 

Brass  Gears  Operate  Against 
Steel  Pinions — for  Long  Life! 

There  is  no  compromise  for  quolity  in  the 
construction  of  SYNCHRON  Timing  Motors 
and  Time  Machines. 

Write  for  cotolog  and  complete  engineering 
details. 


Established  1907  •  a  Pioneer  in  Synchronous  Motors 
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UNTVERSTTY  OF  MICHIGAN  LiBRARl&S 


rHE  ONLY  DC  -  AC  ROTARY 

CONVERTERS 


SPECIALLY  DESIGNED  TO  OPERATE 


WIRE  AND  TAPE  RECORDERS 


bHiOiri 


(CMtlawrf) 


Pr*tid*nt  Tnimon  prsMiita  Medal  for  Moilt 
with  oak  loaf  clustor  to  Jamos  B.  Conant 
(right)  and  VonnoYar  Bush  (loft) 


To  fill  the  growing  demand  for  a  portable  power  supply  for 
operating  wire  and  tape  recorders  and  sound  projectors  on 
DC,  CARTER  now  provides  a  specially  engineered  line  of 
rotary  converters.  Compact.  Smart  in  appearance.  Equipped 
with  carrying  handle,  cord  set,  and  AC  receptacle  as  illustrated. 
Two  basic  models  cover  every  requirement.  Designed  for  6,  12, 
and  115  volt  DC  input. 

•NEW  CONVERTER  BULLETIN  No.  748,  with  Carter  Selector 
Chart,  tells  which  converter  to  buy.  Your  Carter  distributor  has 
this  bulletin.  If  you  make,  sell,  or  use  wire  or  tape  recording 
equipment,  WRITE  for  bulletin  748  today,  without  obligation. 


cluster  was  bestowed  upon  Van- 
nevar  Bush  and  James  B.  Conant 
for  their  contributions  to  atomic 
research. 


BUSINESS  NEWS 

Allen  B.  DuMont  Laboratories, 
Inc.  has  purchased  from  WAA  a 
56-acre  former  Wright  Aeronauti¬ 
cal  plant  in  East  Paterson,  N.  J., 
and  will  use  it  to  triple  the  present 
3,000-per-month  television  receiver 
production.  The  property  must  be 
maintained  in  such  a  manner  that 
it  may  be  reconverted  to  its  origi¬ 
nal  use  within  120  days. 

Telectrad  Co.,  New  York,  N.  Y., 
has  been  formed  to  specialize  in 
supplying  capacitors  to  manufac¬ 
turers  and  laboratories. 

Servo  Core,  of  America,  manufac¬ 
turers  of  servomechanisms  and 
computers,  have  acquired  space  in 
the  Eric  Wedemeyer  Building,  New 
Hyde  Park,  L.  I.,  New  York.  The 
newly  leased  area  will  house  the 
servomechanisms  laboratory  and 
general  offices. 

Control  '  Engineering  Corp., 
manufacturers  of  precision  electro¬ 
mechanical  instruments  and  control 
systems,  has  purchased  a  14,000- 
foot  modem  laboratory  building  in 
Canton,  Mass. 

General  Electric  Co.  will  de¬ 
vote  its  entire  receiver  building 
(capable  of  housing  three  football 
fields)  at  Electronics  Park  to  tele¬ 
vision  set  production  by  the  end  of 
the  year. 

Electron  Microscope  Society  of 
America  has  set  up  a  placement 
service  for  the  mutual  benefit  of  its 


‘for 

Reproducing 
Fine  Music 


Model  10C3— Remote 
control  unit  with  both  high- 
and  low'gain  inputs  for  all 
types  of  tuners  and  pickups. 


amplifier  fiat  within  0.2  DB  from  20 
to  20,000  cycles — with  intermodulation 
and  harmonic  distortion  reduced  to 
negligibility. 

Although  its  "paper  performance” 
surpasses  that  of  any  other  amplifier, 
the  Brook  must  really  be  heard  to  be 
fully  appreciated.  When  you  hear  the 
Brook  alongside  other  amplifiers — any 
amplifiers — you  are  in  for  an  exper¬ 
ience  that  is  both  surprising  and 
enlightening. 

Write  today  for  copy  of  distortion 
analysis  arul  Descriptive  Bulletin  AF-81 


The  Brook  All-Triode  Amplifier  is 
built  with  only  one  objective  ...  to 
provide  the  cleanest  possible  reproduc¬ 
tion  of  fine  music. 

It  makes  use  of  low-mu  triodes 
throughout  —  specially-designed  trans¬ 
formers — and  the  Brook-patented  Auto¬ 
matic-Bias-Control  circuit  which  more 
than  doubles  efficiency  of  the  output 
system  and  at  the  same  time  reduces 
harmonic  distortion.  The  result  is  an 
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your  product 


CONSTANTLY! 
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ARE  USED  IN  THIS 
SUPER-SENSITIVE  ULTROHMETER 

An  S.S. White  100  Megohm  Resistor  is  used  os 
the  plate  load  resistor  for  the  first  tube  in  the 
D.C.  amplifier  in  thia  instrument  which  meas¬ 
ures  very  small  d.c.  currents  and  voltages 
over  an  extreme  range  of  values.  The  manu¬ 
facturer,  Beckman  Instruments  Division  of 
National  Technical  Laboratories,  says  of  the 
S.S.White  Resistor  "it  has  been  very  satis¬ 
factory" — which  checks  with  the  experience 
of  many  other  electronic  equipment  manufac¬ 
turers  who  use  S.S.White  Resistors. 

Photo  courttot  of  Sational  Technical  Laboratoriei, 

So.  Patadene,  Calif. 

WRITE  FOR  BULLETIN  4505 


Littelhse  HHakes  Headline  News 
with  In-Line"  Fuse  Retainer 


LittdfiMc'*  latcat  development;  the  "in¬ 
line”  fuee  retainer  for  fingertip  ease  in 
fusing.  Precisely  molded  of  high  im¬ 
pact  bakelite  and  designed  primarily 
for  low  voltage  applications:  car  radios, 
heaters,  spot  lights  and  other  automotive 
trouble  spots  where  a  fool-proof  easy- 
to-handle  fuse  installation  is  desired. 
The  strongly  spring-IcKked  retainer 
opens  with  a  "push-and-twist"  of  the 
finger  tips.  Inside,  the  fuse  rests 
against  knife-edged,  cup  contacts  that 
assure  greatest  degree  of  contact  with 
lowest  voltage  drop.  Doubled  wall 
thickness  at  juncture  of  shoulder  and 
lower  body. 


)on  Van- 
!.  Conant 
0  atomic 


S.S.WHITE  RESISTORS 

ore  of  particular  intarast  to 
uii  who  naad  rasiators  with 
inheraat  low  aoiaa  laral  and 
939d  stability  ia  oU'climotas. 

HIGH  VALUE  RANGE 
15  to  1,000,000  MEGOHMS 


It  gives  essential  data  about  S.S. 
White  Resistors  including  construc¬ 
tion.  characteristics,  dimensions, 
etc.  Copy  with  price  list  on  request. 


STANDARD  RANGE 
1000  OHMS  to  10  MEGOHMS 


RATORIES, 
WAA  a 
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n,  N.  J., 
s  present 
receiver 
must  be 
iner  that 
its  oriyi- 


llWHITE 


N.  tAVIMlWOOO  AVt..CNICAOO  40,  U  |.  A. 
a  t*4TCIl-llTf  e  ItHITlOH  FIITI  e  N|0M 
eiKIIT  MlfillRt  e  mis  a  MMNTIMt  fi«D  MCUSOtlEt 


c,  N.  Y., 
ialize  in 
nanufac- 


one  of  the  oldest  names  in  trans- 
IXLIiIUIs  formers,  offers  high  quality  specifi¬ 
cation  transformers  custom-built  to  your  require¬ 
ments.  For  over  20  years  the  KENYON  "K"  has  been 
a  sign  .of  skillful  engineering,  progressive  design  and 
sound  construction. 


nanufac- 
ms  and 
space  in 
ngr.  New 
rk.  The 
>use  the 
»ry  and 


many  leading  compan 


KrNYnN  ierves 

llkll  I  Um  ies  including;  Times  Facsimile  Cor¬ 
poration,  Western  Electric  Co.,  General  Electric  Co., 
Schulmerich  Electronics,  Sperry  Gyroscope  Co.,  Inc. 
Yes,  electronification  of  modern  industrial  machinery 
and  methods  has  been  achieved  by  KENYON'S 
engineered,  efficient  and  conservatively  rated 
tronsformers. 

For  all  high  quality  sound  applications,  for  small 
transmitters,  broadcast  units,  radar  equipment,  ampli¬ 
fiers  and  power  supplies  —  Specify  KENYON! 
Inquire  today  for  information  about  our  JAN  ap¬ 
proved  transformers. 


These  "silent 
salesmen”  are  on 
the  job  always 
.  .  .  a 

desire  for  your 
product  at  the 
point 

Any  size,  shape 
or  design  am  be 

created  for  you  by  our  master 
designing  department.  We  have 
36  years  of  "know-how"  and  have 
created  metal  produas  and  dis¬ 
plays  for  the  top  manufacturers. 

Write  today  for  descripdve  folder. 


CORP., 
electro- 
1  control 
14,000- 
Iding  in 


ivill  de¬ 
building 
football 
to  tele- 
B  end  of 


Now  —  for  the  first  time  in  ony  transformer  catalog, 
KENYON'S  new  modified  edition  tells  the  full  com¬ 
plete  story  about  specific  ratings  on  all  transformers. 
Our  standard  line  saves  you  time  and  expense.  Send 
for  the  latest  edition  of  our  catalog  now! 
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THE  LEWIS  ENGINEERING  CO 


NAUGATUCK 


CONNECTICUT 


News  Of  THI  INDUSTRY  (conHaMd) 

members  and  potential  employers. 
Inquiries  should  be  directed  to  C.  S. 
Burton  of  the  American  Cyanamid 
Co.,  Stamford,  Conn.,  who  is  secre¬ 
tary  of  EMSA. 

Triode  Radio,  Inc.,  Brooklyn,  N.  Y. 
has  set  up  engineering  and 
development  laboratories  special¬ 
izing  in  high-frequency  communi¬ 
cations  and  high-fidelity  audio 
systems. 

Sangamo  Electric  Co.,  Springfield, 
Ill.,  recently  finished  construction 
of  its  new  plant  at  Marion,  Illinois, 
which  provides  complete  facilities 
for  the  manufacture  of  mica,  paper 
and  electrolytic  capacitors. 


"TARTS  Off 
MANY 
MATERIALS 
AH  hot  and  cold 
rollod  rods 
Stolnloss  stool 
Chromo  Molyb- 


PERSONNEL 

John  Ballantyne  was  appointed 
chairman  of  the  board  of  directors 
of  Philco  Corporation.  He  had 
served  as  president  since  1943,  and 
during  the  war  acted  also  as  vice- 
president  in  charge  of  operations, 
directing  the  company’s  conversion 
to  war  work. 

William  B.  Lodge,  wartime  asso¬ 
ciate  director  of  OSRD’s  Airborne 
Instrument  Laboratory  and  since 
1944  director  of  general  engineer¬ 
ing  at  CBS,  was  named  vice-presi¬ 
dent  in  charge  of  general  engineer¬ 
ing  for  the  Columbia  Broadcasting 
System. 


Aluminum  Brass 
Capper  Bi-molals 
Many  types  of 
plasHcs 

Fibre  Rubber 
Wood 


HEA|ING?UNIT$ 

HEATING  ELEMENTS  i 

f  RESISTANCE  I 
^  lINE  CORD-f^t^ 

THERMOCOUPLE  wIrE^ 

ASBESTOS  LEAD  ;"^ 
, .  &  FIXTURE  WIRE .  ; 

INSULATED 
f  RESISTANCE  WIRL 

fIBERGlAS  ’\,-i 

^wiRt’faiAkM 

rlSKtlFlCAliOiNSli 


DESIGN  ENGINEERS 


Do  those  new  circuit  designs 
‘  present  new  wire  problems? 

Then  check  with  Lewis  Engineering  for 
an  economic  solution  and  fast  delivery. 
For  twenty  years  we've  successfully 
been  solving  the  heat  and  age  resist¬ 
ance  wire  problems  of  industry.  We 
don't  stock  wire — we  make  it  to  your 
specs — for  an  experimental  run  or  for 
the  production  line.  If  you're  designing 
in  the  electronic,  electrical  or  appliance 
field  .  .  . 


R.  D.  Huntoon 


W.  B.  Lodge 


Robert  D.  Huntoon,  assistant 
chief  of  the  Atomic  Physics  Divis¬ 
ion,  National  Bureau  of  Standards, 
has  received  a  distinguished 
achievement  award  from  the  Wash¬ 
ington  Academy  of  Sciences  for 
“the  advancement  of  electronics 
and  its  application  to  other  sciences 
and  to  modern  ordnance.” 


,eu/i5 


^ne  vwire  ^or  l/jou 

Send  your  electronic  control,  communications  or  applia 
ing  specifications  for  a  recommended  solution  by- our  ei 

FOR  A  TRIAL  ORDER  OR  A  CARLOAD  consult 


Henry  H.  Hausner,  who  during 
the  war  developed  hermetic  seals 
for  electronic  equipment,  was  ap- 
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FASTER,  SIMPLER 

AUDIO  ANALYSIS 

with  Model  AP-1 


NE¥^  OF  THE  INDUSTRY 


(continMii) 


PANORAMIC 
SONIC  ANALYZER 

Ruduc*  limu,  complexity  and  cost  of  mak¬ 
ing  audio  moaturomon^s  with  tho  unusual 
advantages  offered  by  the  Panoramic 
Sonic  Analyzer.  By  resolving  a  complex 
audio  wave  into  a  spectrograph  showing 
the  frequency  distribution  and  voitage  am¬ 
plitude  of  the  components.  Model  AP-1 . . . 

•  Eliminates  slow  point-by-point  fre¬ 
quency  checks  •  Provides  a  quick 
overall  view  of  the  audio  spectrum 

•  Enables  determination  of  changes 
in  waveform  content  while  parame¬ 
ters  are  varied  •  Furnishes  simple 
presentertions  for  production  line 
testing. 


•  I . .  I  I  I  I 

40  I  KM  200  400  600  IK  2K  4K  6K  I  20K 

*®  CYCLES 

Panoramic  Sonic  Spoctrogroph  ot 
750  cpt  squan  wav. 

Use  Model  AP~  I  for  analyzing  . . . 

*  Harmonics  •  Intermodulation  *  Vibra¬ 
tion  •  Noise  •  Acoustics  *  Materials 

Features...  Continuous  scanning  from  40- 
20,000  cps  in  one  second  *  Wide  input 
voltage  range  *  Linear  and  log  voltage 
scale  •  Closely  logarithmic  frequency  scale 

*  Built-in  voltage  and  frequency  calibra 
tor  •  Simple  operation. 

WRITE  for  detailed  specs,  price  and  delivery. 


RADIO 


CORP 


92GoldSt.  Cable  Mdress 

Nee  York  7.  N.  Y.  PANORAMIC.  NEW  YORK  I 

.  Eictwsive  Canodion  Representative:  Conodian  Morconi,  Ltd.  I 


pointed  a  member  of  the  staff  of 
the  Metallurgical  Research  and  De¬ 
velopment  Laboratories  of  Sylvania 
Electric  Products  Inc.,  Bayside, 

N.  Y. 

J.  H.  Ludwig,  formerly  with  Philco, 
RCA  Victor  and  Raytheon,  is  now 
president  and  treasurer  of  the 
newly  formed  Control  Engineering 
Corp.,  Canton,  Mass. 

W.  A.  Jones,  recently  with  Ray-  | 
theon  Mfg.  Company  as  project  en-  ; 
gineer  on  gyro  design,  is  now’  vice- 
president  of  Control  Engineering  j 
Corp.,  Canton,  Mass. 

Robert  W.  Clark,  NBC  New  York 
television  operations  supervisor,  i 
has  been  transferred  to  the  same 
position  for  the  network’s  Holly¬ 
wood  division. 

T.  Keith  Glennan,  director  of  the 
Navy’s  Underwater  Sound  and  De¬ 
tection  laboratory  at  New  London, 
Conn.,  in  1942,  was  recently  in- 
I  ducted  as  president  of  Case  Insti- 
!  tute  of  Technology,  Cleveland,  Ohio. 

!  A.  V.  Astin,  assistant  chief  of  the 
Electronics  Division,  National  Bu¬ 
reau  of  Standards,  has  been 
awarded  His  Majesty’s  Medal  for  j 
Service  in  the  Cause  of  Freedom  in 
!  recognition  of  work  in  England 
from  Sept.  1944  to  March  1945  as 
!  representative  of  the  National  Bu¬ 
reau  of  Standards  and  of  Division 
4,  NDRC,  involving  the  use  and 
'  evaluation  of  the  proximity  fuze. 
As  government  officials  are  not  per¬ 
mitted  to  accept  foreign  decora- 
I  tions,  the  medal  will  be  held  in  cus- 
I  tody  until  his  retirement. 

i  Winston  L.  Hole  was  recently  ap¬ 
pointed  assistant  to  the  director  of 
the  Ohio  State  Research  Founda- 
I  tion.  He  was  previously  coor- 
!  dinator  of  engineering  development 
I  for  North  American  Phillips  Co., 

I  and  served  as  a  technical  aide  with 
NDRC. 

Samuel  E^usky,  president  of  the 
Cleveland  Section  of  the  Instru¬ 
ment  Society  of  America,  has 
joined  Horizons  Inc.,  as  chief  of 
the  physics  division.  Previously 
he  was  employed  by  Jack  &  Heintz 
Inc.,  in  the  development  of  special 
electronic  instruments  for  aircraft. 


FM  TRANSLATOR 
General  Electric  Model  XFM«1 


Pett-war  voruon 


ot  Hie  old  0.1.  JJ.M-90  — 

TroHtlalor  which  was  used  and  onjoyod  by 
tons  of  thousands  of  discriminating  radio 
llstonors. 

Covers  88-108  me  range,  dial  12  inches 
long,  uses  guillotine  tuning  for  highest 
efficiency,  high  stability.  Designed  for  ex¬ 
port,  has  power  inputs  for  110  to  250 
volts,  50/60  ey.  Used  in  conjunction  with 
good  audio  section  or  separate  amplifier 
will  provide  best  FM  listening  you  ever 
he>ird.  In  attractive  nolurol  walnut  cabinet 
—  10^*  high  X  15^^"wide  x  11%"  deep, 
complete  with  8  tubes.  Tropic-proof  con¬ 
struction.  Quantity  limited,  no  more  avail¬ 
able.  Get  your  order  in  while  they  lasti 

Speciol  Price . $49.50 

TECHMASTER  TV  KIT 


iTh*  Sam*  at  th*  | 

RCA  630TS  TV  Chattit 

Complete  kit  of  parts,  including  all  hard- 
ware,  pre-wired  and  aligned  RCA  front  | 

(end,  condensers,  resistors,  punched  chassis, 
all  tubes  including  kine,  complete  manual 

with  service  notes,  all  RCA . $198.50 

NOTI:  All  prices  ere  Net,  F.O.t.  N.Y.C. 
end  ore  sublect  to  thonte  witheet  notice. 

Tdl^rhone:  LOngocre  3-1800 


HARVEY 

RADIO  COMPANY  INC. 


103  Wm»  43rd  S».,  New  York  18,  N.  Y. 
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NEW  BOOKS 

Ultrahigfa  Frequency  j 

Transmission  and  Radiation  ^ 

By  Nathan  Marchand.  John  Wiley  | 
&  Sons,  New  York,  1947,  322  pages, 
$4.50. 

The  basic  principles  of  the  radia¬ 
tion  and  transmission  of  electro¬ 
magnetic  waves  are  presented,  us¬ 
ing  a  mathematical  approach 
coupled  with  a  detailed  analysis  of 
the  result.  The  book  should  appeal 
to  all  engineers,  scientists  and  stu¬ 
dents  for  whom  mathematics  is  a 
useful  tool.  Partial  differential 
equations  are  used  in  many  of  the 
basic  developments. 

Covered  in  turn  are  Transmis¬ 
sion  Lines,  Elements  of  Vector 
Analysis,  Fundamental  Electro¬ 
magnetic  Equations,  Plane  Electro¬ 
magnetic  Waves,  Radiation,  An¬ 
tenna  Arrays,  Wave  Guides  and 
Complex  Transmission  Line  Net¬ 
work  Analysis.  A  few  problems  are 
appended  to  each  chapter,  which 
will  aid  in  making  the  book  useful 
as  a  text. 

The  final  chapter  presents  some 
I  useful  ideas  on  the  combination  of 
j  circuit  equations  with  transmission 
line  networks  to  a  conventional 
transmission  line  circuit.  Such  de- 
i  vices  as  a  balanced  shielded  loop 
I  antenna  and  conversion  transform¬ 
ers  are  treated  with  the  aid  of 
'  equations  involving  Kirchhoff’s  cur- 
I  rent  law.  Some  errors  in  sign  in 
this  presentation  appear  rather 
generally,  but  the  intent  is  clear 
and  the  results  are  quite  useful. — 
G.  B.  HOADLEY,  Brooklyn  Polytechnic 
'  Institute. 

i 

Fundamental  Electronics 
;  and  Vacuum  Tubes 

j  By  A.  L.  Albert,  Professor  of  Com¬ 
munication  Engineering,  Oregon  State 
College,  The  MacMUlan  Company, 
New  York,  N.  Y.,  1947,  510  pages, 
price  $6.50. 

This  is  a  revised  edition  of  Profes¬ 
sor  Albert’s  popular  text,  which  ap¬ 
peared  first  in  1938.  As  everyone 
knows,  electronics  has  moved  ahead 
in  the  intervening  ten  years,  and 
this  new  edition  is  a  response  to  the 
changes  that  have  occurred.  It  has 
been  completely  revised  and  reset. 
Ra^c  Moiii^MM  Radio  teM  B«ok  Material  on  certain  aspects  of  the 

Ttcfcnicol  Maanolt  Vidoo  Handbook  ^  i  . 

Monual  Divisio.  M-3  Montclair,  N.  J.  ,  ^®>’y  apparent 

CHICAGO:  22S  No.  LoSaiio  St.  |  in  1938  has  been  brought  into  the 


TECHNICAL 

MANUALS 

CUSTOM  DESIGNED 
TO  YOUR  SPECfflGATIONS 


Plonnod,  written  and  illut- 
trotod  by  a  soloct  staff  .  .  . 
oxports  in  croating  radio  and 
oloctronic  manuals  for  civilian 
4  military  usa. 


When  you  coll  upon  Boland  & 
Boyes  to  creote  your  manuals  you 
are  relieved  of  every  detail,  in 
their  preparation.  The  entire  oper¬ 
ation  is  taken  over  and  completed 
by  a  tpeciolized  staff  with  years 
of  experience  in  publishing  books 
&  manuals. 

First  the  requirements  for  your 
manual  are  completely  surveyed. 
The  working  conditions  to  which 
they  will  be  put  are  studied  and 
the  operations  or  equipment 
described  in  the  manuol  ore 
thoroughly  analyzed.  A  complete 
outline  is  then  prepared  and  sub¬ 
mitted  for  your  opproval,  along 
with  a  dummy  of  the  manual  as 
it  will  appear  when  finished.  Upon 
your  approval  the  job  is  com¬ 
pleted  and  delivered  with  your 
satisfaction  guaranteed. 

Boland  &  Boyce  manuols  in¬ 
corporate  only  the  most  modern 
editorial  and  illustrative  style. 
Eoch  project  is  treated  with  in¬ 
dividual  attention  in  technique  of 
presentation  and  editorial  ap¬ 
proach.  The  Boland  &  Boyce 
military  and  civilian  manuals  now 
in  use  throughout  the  world  are 
our  best  recommendations. 

U.  S.  Navy 

U.  S.  SigiMl  Corps. 

Sylvonla  RIoctric  Products,  Inc. 

TIm  Notional  Company 
Wostorn  RIoctric  Co.  ' 

Boll  Tolophono  Laboratorios 
Maguire  Industries,  Inc. 

Alien  B.  Dumont  Laboratories,  Inc. 
Conorul  RIoctric  Co. 

MhM  Safety  Applioncos  Co. 

Wrfto  or  wire  Bolaiid  B  Boyce  today 
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BOLAND  &  BOYCE  INC.,  PUBLISHERS 
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RESISTANCE 

MEASUREMENT 


. . .  with  rttm  Rubicon 
WHEATSTONE  BRIDGE  No.  1080 


A  high  precision  instrument  well 
suited  lor  use  as  a  laboratory  standard 
as  well  os  for  routine  measurements  re¬ 
quiring  exceptionally  high  accuracy. 

*  Wide  range  —  1  ohm,  reodable  to 
within  0.0001  ohm,  to  100  megohms. 

*  Five-dial  rheostat  usable  as  separate 
decade  resistance  box,  9x(1000+100 
+  10+1)+10x.1  ohms.'Limit  of  error 
in  resistors  of  1  or  more  ohms  0.02%. 

*  Plug-controlled  ratio  arms  with  resis¬ 
tors  from  1  to  10000  ohms  —  limit  of 
error  0.02%  — versatile  arrangement 
permitting  numerous  interchecks. 

*  Heovy  substantial  aged  monganin  re¬ 
sistors  for  high  stability. 

*  Extra-heavy  sturdy  switches  with  con¬ 
tact  resistance  less  than  0.001  ohm. 

Fully  described  in  Bulletin  100. 


. . .  with  tho  Rubicon 
TYPE  B  WHEATSTONE  BRIDGE 

Another  of  the  eighteen  bridges  listed 
in  Bulletin  100  for  nearly  every  type  of 
resistance  measurement  .  .  .  from  high 
precision  laboratory  work  to  high  speed 
production  line  inspection  jobs.  Write 
for  your  copy  of  the  new  edition  of 
Bulletin  100  today. 

RUBICON  COMPANY 

Electrical  Instrument  Makers 
3757  Ridse  Avenue  •  Philadelphia  32,  Pa. 


212 


August,  794$— ELECTRONICS 


UrWERSfr^f  t)F  MiCHKaAN  UBR/vRlES 


FOR  FILTERS 


FOR  TRARSFORMERS 


SHARP  CUTOn 


niTHt 


This  high  gain  trar 
former  is  usod  in 
cycle  chopper 
for  measurin 
DC  voltager 
inductan' 

Ratio  25*  j 

of  shirlui- 


NARROW  BAND 
SHARP  CUTOFF 
FILTER 


AHENUATES 
10KC  TO  30 
MEGACYCLES 


Thi>  y:i”  weighs  bi 
1.3  oz  The  rectifier  i 
wh'  h  it  is  employe 
'delivers  2000  V  D 
ith  vibrator- battei 
input. 


This  input  transform*, 
was  the  perfect  an¬ 
swer  for  an  amplifier 
with  a  difficult  hum 
problem.  The  lock¬ 
ing  universal  joint 
mounting  permits  ori¬ 
entation  to  point  of 
minimum  hum  level. 


LOW  FREQUENCY 
—  LOW  PASS 
FILTER 


-I—  ■  - 

ft  ' 

'k.  ' 

1 

■! 

vs 

S  :| 

This  pulse  transformer 
has  tight  require¬ 
ments.  Frequency  re¬ 
sponse  is  ±3  DB  from 
80  KC  to  4  MC. 


Write  for  our  Catalog  PS-40B 
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THE  CRYSTAL  TRIODE .  . Cov«r 

Rcvolutionory  Transistor  containing  second  cat  whisker  serving  as  control  element  provides  power  gain  of  100  up  to 
10  megacycles.  Bell  Laboratories  team  William  Shockley,  John  Bardeen  and  W.  H.  Brattain  examine  their  important 
development  (story  on  page  68) 

THE  TRANSISTOR— A  Crystal  Triode . ^ .  68 

Science  odds  crystal  triode  to  family  of  electronic  devices;  it  operates  on  newly  discovered  principle 

JTAC — Its  Purpose  and  Program . . 72 

New  group,  replacing  RTPB,  will  advise  government  ond  industry  on  allocations  and  standards 

TELEVISION  FRONT  ENDS,  by  A.  D.  Sobal .  76 

Current  trends  in  r-f  amplifier,  oscillator  ond  mixer  design 

HIGH-SPEED  REVOLUTION  COUNTER,  by  Alvin  8.  Kaufmen .  80 

Aircraft  cabin  supercharger  performance  is  checked  without  adding  impeller  lood 

DIELECTRIC  HEATING  OF  THIN  FILMS,  by  Theodora  C.  Gems .  83 

Using  novel  electrodes,  high  power  at  low  frequency  is  delivered  to  load 

tRANSCRfPTION  RECORDINGS  FOR  THE  HOME .  .  86 

Close-cut  grooves,  plus  33Vi-rpm  speed,  achieves  long  ploying  time 

TRANSDUCTOR  FUNDAMENTALS,  by  Sven-Eric  Hedstroem  and  Unnart  F.  Berg .  . 88 

Analysis  of  magnetic  amplifiers  shows  amplification  and  response  time  that  can  he  obtained  from  them 

DRY-CLEANING  ELECTRONIC  EQUIPMENT,  by  Joseph  Albin .  94 

Dirty  chassis  are  cleoned  by  air  pressure  and  solvent 

SUPERREGENERATIVE  DETECTION  THEORY,  by  William  E.  Bradley . .'96 

Bandwidth  and  signal-noise  ratio  are  shown  to  depend  on  shope  of  quenching  wave 

SUPERREGENERATOR  DESIGN,  by  Alan  Haseltine,  D.  Richman  and  B.  D.  Loughlin .  99 

Method  of  deriving  selectivity -curve  from  quenching  waveform  is  developed 

CIRCULAR  POLARIZATION  IN  F-M  BROADCASTING,  by  Carl  E.  Smith  and  Robert  A.  Fouty . 103 

Novel  transmitting  technique  makes  placement  of  receiver  antenna  less  critical 


LOW-FREQUENCY  OSCILLATOR,  by  Joseph  F.  Keithley .  . 108 

Stable  circuit  comprises  a  tapped  varioble  high  resistonce  and  nonlineor  negative  feedback  . 

DIGITAL  COMPUTER  SWITCHING  CIRCUITS,  by  C.  H.  Page . 110 

Basic  operational  requirements  and  switching  techniques  ore  described 


BUSINESS  BBIEFS  .  S4 

CBOSSTAIK .  •? 

TUBES  AT  WOBX .  ISO 


ELECTBOM  ANT  .  1S4 

NEW  PBODUCTS  .  ISO 

NEWS  or  THE  INDUSTBT .  13S 


NEW  BOONS 
BACKTALN 
INDEX  TO  ADVERTISEBS 


DONALD  G.  FINK,  Editor;  W.  W.  MacDONALD,  Managing  Editor;  John  Markus,  Vie  Zeluff,  Frank  H.  Rockett,  A.  A.  McKenzie, 
Associate  Editors;  Williom  P.  O'Brien,  Assistant  Editor;  Hal  Adams,  Jean  C.  Brens,  Elaine  Weber,  Editorial  Assistants;  Gladys  T.  Montgomery, 
Washington  Editor;  Harry  Phillips,  Art  Director;  Eleanor  Luke,  Art  Assistant;  R.  1  Quint,  Directory  Managar;  John  Chapman,  World  Nows 

Director;  Dexter  Keezer,  Director  Economics  Deportment 

KEITH  HENNEY,  Consulting  Editor 

H.  W.  MATEER,  Publishar;  WALLACE  B.  BLOOD,  Managar;  D.  H.  Miller,  H.  R.  Denmeod,  Jr.,  New  York;  Wm.  S.  Hodgkinson,  New  Eng¬ 
land;  F.  P.  Coyle,  Warren  Shew,  Philadelphia;  C.  D.  Wardner,  Chicago;  J.  L'  Phillips,  Cfove/and;  J.  W,  Otterson,  San  Pranchca;  Carl  W. 
Dysinger,  Los  Angeles;  Ralph  C.  Maultsby,  Atlanta;  Paul  West,  London,  England;  J.  E.  Blockburn,  Jr.,  Director  of  Circulation 


CmtenH  Cepyriglit  1940,  by  McGraw-Hill  Publishing  Company,  Inc.  All  Rights  RestrvM.  McGRAW-HIU  PUBLISHING  COMPANY,  INCORPORATID,  JAMIS 
H.  McGRAW  (1140-1940),  Founder  •  PUBLICATION  OFFICE  99-129  No^  Breodwey.  Albany  1,  N.  Y.,  U.  S.  A.  EDITORIAL  AND  EXECUTIVE  bFFICES, 
3)0  West  42nd  St.,  New  York  10,  N.  Y.,  U.  S.  A.— Member  A.  B.  P.  Member  A.  S.  C. 

itjUM  H.  Mefirnw.  Jr.,  PrMtdsnt;  Curtis  W.  MeGrew,  Viee-President  end  Trmtertr:  Cusene  OueMd.  Cxeeutlve  AsUsUnt  fer  PuHleetiene:  Uetsen  Bend.  OIreeter  el 
Atvsrtistne;  JeNoh  A.  Gerardl.  SeereUry;  and  J.  E.  Blnekbern.  Jr..  Oirsetar  e(  ClreulaMen. 

CLECTRONIcirSenteaiber,  IS4S.  Vel.  21:  No.  S.  PuMIthed  aMuthhr.  wtth  an  additleaal  issue  In  Juue,  erlee  Tie  n  eepy  far  U.  S.  and  saaamilans.  and  Canada:  11.00  far 
l-Mia  AoMrtea:  SIM  fer  all  other  fsraisn  oeuntrles.  DIrsetery  Issue  02.00.  AUaw  at  least  ten  days  lor  ahonoe  el  addresi.  AN  eeaiamnlaUHNa  aheut  inniiristtana 


Atvsrtistaa;  JeNnh  A.  Gerardl.  Seeretary;  and  J.  E.  Blaekburn.  Jr..  Oirsetar  e(  ClreulaMen. 

CLECTRONIcirSentseiber,  l»4S.  Vel.  21:  No.  S.  PuMIshed  uMnthhr.  witb  an  additleaal  issue  In  June,  arlee  71s  a  eeuy  tar  U.  S.  and  saaamilans.  and  Caood^, 
l-Mia  AoMrtea:  SIM  fer  all  other  fsraisn  oeuntrles.  DIrsetery  Issue  02.00.  Allow  at  least  ten  days  Isr  ahonoe  el  addresi.  AN  eaoiaiaalaaHNa  aheut  inhiiristlana 
•heuld  ha  nddraaiid  te  the  DIreoter  of  dreulatien.  Suhserintlea  ratae  United  Stite  and  nesisailans.  UAf  a  mw.  IMO  Iwu  yaariL  112.00  for  three  yaors.  Canada  (Canndlaa 
'ends  aaeefisd),  S7.00  a  ysar.  SII.W  fer  two  yean,  SI4.00  fer  three  years.  LaMa  Amerisan  eouatrias  $10.00  far  aue  year,  $10.00  tar  two  years,  SZOiOO  far  thrae  vann. 
All  ethar  seuntries  $15.00  fer  one  ysar,  $30.00  fer  thrse  yean.  Ptsase  Indieata  naaltien  and  eewpany  lanaeeMiua  eu  aN  wihasrlntlen  erdera.  Entarsd  as  Saaaad  Cluas 
•attar  Ausuat  20,  1030,  at  Post  ONoe.  Alhany,  New  VoA.  undar  the  Aat  of  Marsh  3.  I07S.  BRANCN  OFFICtS:  120  North  MiahlgM  Aseaufk  C Mease  II,  IIL;  m  Pest 
StTMl,  San  FransIsee  4;  Aldwyeh  House.  Aldwyeh,  London,  W.C,  2:  Washlnstun,  0.  C.  4;  Phlladalohia  3:  Clavalaad  10:  OetreH  2i;  St.  Lew  S:  Beaten  IS:  Atloata  A 
Ga.:  021  8e.  Hs»e  St..  Las  Anasiss  14  :  738.9  Oliver  Bulldins.  Ptttohursh  22. 


UNIVERSITY  OF  MICHIGAN  UBRAR1£S 


actual  size 


miniature  capacitor 

9/32"  X  1/2"  X  3/16" 


This  tiny  capacitor  for  radio,  television  and  other  electronic  applications 
combines  compact  design  with  proven,  performance.  Molded  in  low-loss  bake- 
lite  the  CM  15  is.  famous  for  dependability,  Impregnated  against  moisture,  it  de¬ 
livers  at  maximum  capacity  under  extreme  conditions  of  temperature  and  climate. 

CM  is  FEATURES 

500  D.C.  working  vollago 
2  to  420  mmf.  capacity  at  500v.  OCA 
2  to  525  mmf.  capacity  at  300v.  OCA 

Tomporaluro  co-ofRciont  0  ±50  parts  por  miiiion  por  dogroo  C.  for  most  capacity  vaiwos 
6-dot  color  codod  to  Joint  Army-Navy  Standard  Spocificatlohs  JAN-C-5 

SPECIfr  EL-MENOO  for  your  product  ... 

from  the  Tom  Thumb  CM  15  to  the  CM  40,  all  El-Menco  capacitors  give 
you  -  and  your  product  -  dependable  performance,  endurance,  and  accuracy. 
Send  for" catalog —  Specify  El-Menco  Capacitors. 


THE  ELECTRO  MOTIVE  MFC.  CO.,  Inc. 
W  I  L  L  I  M  AM  T  I  C  ,  CONNECTICUT 


ARCO  ELECTRONICS  135  Li)>orty  St.  Now  York,  N.  Y. 
Solo  Distributors  for  Jobbers  and  Rotailors  in  U.  S.  and  Canada 


Foreign  Radio  and  Electrooic 
Manufacturers  communicate  direct 
with  our  Export  Department  at 
Willimantic,  Conn,  for  information. 
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